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are making their studies. 
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Study of the Geological Activity of Microorganisms, 
S. 1. Kuznetsov 


In a field which has not been widely considered by 
Western scientists, this paper indicates great advances 
made in the USSR. The use of microorganisms in petro- 
leum research and recovery are discussed, as are Soviet 
efforts to classify precisely and map out geologic or 
ecologic microbiological! strata as they occur in the geolo- 
gist’s scheme. This article summarizes Soviet research in- 
to the relationships of various groups of microorganisms 
to geological — petroleum — inorganic substrates environ- 
ments. 
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microbiology, acetone-butanol, organic acids, riboflavin, 
antibiotics, etc.) is Shaposhnikov’s description of dis- 
agreement in the USSR, as there has been in the West, 
on the biosynthesis of citric acid by various species of 
Aspergillis. 
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and on the relationship between higher plants and asso- 
ciated microorganisms. Special attention is given to 
Vinogradskii’s early description of auxotrophs and Kra- 
silnikov’s recent classification of actinomycetous micro- 
organisms. Some comment is made on methodology, 
especially microbial counts and selection techniques. 
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PHYSIOLOGY 


THE EFFERENT CONTROL OF RECEPTORS (ON THE EXAMPLE 
OF THE CHEMORECEPTORS OF THE TONGUE) 


A. I. Esakov 


Laboratory of Physiology and Pathology of the Sense Organs (Head — Prof, 

P, G, Snyakin), Institute of Normal and Pathological Physiology (Dir, — 

Active Member AMN SSSR V, V., Parin) of the AMN SSSR, Moscow 

(Presented by Active Member AMN SSSR P, K, Anokhin) 

Translated from Byulleten" Eksperimental ‘noi Biologii i Meditsiny Vol, 51, No, 3, 
pp. 3-8, March 1961 

Original article submitted March 24, 1960 


In recent years the problem of the efferent control of receptors has attracted the increasing attention of 
physiologists both in the Soviet Union and abroad, In the USSR this problem has been studied intensively in the 
laboratory of the physiology and pathology of the sense organs of the Institute of Normal and Pathological Phys- 
iology of the Academy of Medical Sciences of the USSR, Workers in this laboratory [1-4] have discovered im-~- 
portant facts concerning the physiological activity of the receptors, evidence of the “tuning” of the receptor 
systems, i,e,, the ability of these systems to react in strict accordance with the requirements of the external and 


internal environment, Physiological analysis of these phenomena leads to the recognition of the important role 
of processes of efferent regulation of the various receptor apparatuses, The work of several researchers abroad, 
notably of the Scandinavian school of physiologists, has given the precise electrophysiological characteristics of 
the processes of efferent control, mainly concerning the elements of the retina [7, 9], the cochlea [Galambos 
(1956)] and the olfactory bulbs [10, 13), 


Very little work has been done on the receptors of the tongue, In this connection may be noted only the 
work of Dodt and Walther [8], These authors, however, confined their studies to the efferent control of the tem- 
perature receptors of the tongue, They showed, in particular, that in certain conditions of stimulation of the 
lingual nerve by an electric current a change in the frequency of cold impulses was observed, In their opinion 
this was not the result of a direct efferent influence on the state of the receptors, but was due to a change in the 
blood flow observed under these circumstances, Finally, Appelberg, Kitchel and Landgren [6] have recently 
shown that the reticular formation may influence the electrical activity of the thalamic and cortical regions of 
the brain, caused by electrical stimulation of the tongue, 


Zaiko [2], using the method of functional mobility, demonstrated a relationship between the activity of 
the receptors of the tongue and the condition of the interoreceptors of the stomach, She showed that the taking 
of food leads to a considerable decrease in the number of active taste buds, i,e,, to the demobilization of the 
receptor apparatuses of the tongue, and she put forward the hypothesis that this phenomenon was reflux in nature, 


P, G, Snyakin accordingly set us the task of defining the electrophysiological characteristics of this pheno- 
menon and of demonstrating the possible role of the central nervous system in the mechanism of efferent control, 


1, The Influence of the Interoreceptors of the Stomach on the Character of the 
Afferent Flow from the Receptors of the Tongue 
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EXPERIMENTAL METHOD 


Investigations were carried out by the method of Zotterman [14] on frogs (Rana temporaria and Rana escu- 
lenta), The index of the state of the taste apparatuses of the tongue was the flow of afferent impulses in the 
lingual nerve, which was recorded on the OB-2 oscillograph, The potentials were tapped by means of a pair of 
silver electrodes, the distance between which was 2,5-3,0 mm, As taste stimuli we used standard solutions of 
common salt (5%), quinine (0,0025%) and tap water, Stimulation of the tongue was applied by irrigation of its 
surface from a pipette for 10-12 seconds, The bioelectrical activity was recorded 3-4 seconds after application 
of the stimulus, The order of the experiments was standardized; First the initial level of the electrical activity 
of the lingual nerve in response to stimulation of the receptors of the tongue by the taste substances was estab- 
lished, after which the influence of the various factors on the initial level of afferent activity was studied,* 


EXPERIMENTAL RESULTS 


The study of the influence of the interoreceptors of the stomach on the taste receptor apparatus showed 
that mechanical stimulation of the stomach (distension by filling with water) has a marked action on the charac- 
ter of the flow of afferent impulses from the receptors of the tongue, 


Peptone 
f--—-—-Salt 


Quinine 


Impulses per second 


226 : 20 
Time (in minutes) 
Fig. 1. Changes in the afferent electrical activity of the lingual nerve during 
mechanical stimulation of the stomach (a) and introduction of peptone solu- 
tion into the stomach (b), Along the axis of ordinates is plotted the frequency 
of afferent impulses in the lingual nerve; along the axis of abscissas the time 
of recording, The arrows indicate the times of application and cessation of 
mechanical (distension with water) and chemical (introduction of peptone) 
stimulation of the stomach, 
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This effect took the form of a considerable increase in the strength of the afferent impulses from the re- 
ceptors of the tongue in response to water and to salt solution, The afferent flow of impulses in response to 
quinine was unchanged in these conditions; Initially the impulses even became less frequent, then more fre- 
quent, although this took place after cessation of distension of the stomach, The picture of the change in the 
bioelectrical activity of the lingual nerve in response to distension of the stomach is shown graphically in Fig, 1a, 


Besides mechanical stimulation of the stomach, chemical stimulation by the introduction of a solution of 
peptone was applied, The results of these experiments were opposite to those described above, The introduction 
of 0,5 ml of peptone solution into the stomach through a syringe led to a considerable decrease in the afferent 
flow of impulses and to inhibition of the afferent electrical activity, The greatest inhibiting influence was felt 
by the afferent impulses in response to stimulation with water, and the bioelectrical activity caused by the action 
of salt solution was inhibited to a lesser degree, while the response to quinine was almost unchanged (Fig. 1b), 


Stimulation of the mechanoreceptors of the stomach (distension) thus led to an increase in the electrical 
activity of the receptors of the tongue (to water and salt); stimulation of the chemoreceptors (peptone) led to a 


* We take this opportunity of thanking Professor Kh, S, Koshtoyants, Head of the Department of Physiology of 
Animals of Moscow State University, for his kind permission to work in his department, and to G. Yu. Yur’eva 


for her technical assistance, 
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Fig, 2, Inhibition of the afferent bioelectrical activity of the lingual nerve 
during stimulation of the central end of the contralateral lingual nerve, I) 
oscillographic recording of the action currents of the lingual nerve in re- 
sponse to irrigation of the dorsal surface of the tongue with tap water; II) the 
same during the action of salt solution; a,b,c,d,e and by, cy, — 
individual moments of recording the electrical activity of the lingual nerve 
in time (see Fig, 3); III) graph showing the changes in the afferent electrical 
activity of the lingual nerve, The arrows indicate the moments of stimula- 
tion of the contralateral lingual nerve, 


decrease in the activity of the receptors of the tongue, The influences from the interoreceptors of the stomach 
were evidently selective in their action, decreasing or increasing the electrical activity of the receptors in re- 
sponse to water and salt solution, and either leaving unchanged or changing in the opposite direction the elec- 
trical activity in response to the action of quinine solution on the tongue, 


This effect was undoubtedly reflex in nature, for it was abolished by the action of cocaine on the intero- 
receptors of the stomach and by extirpation of the medulla, 


The results of the experiments with peptone were analogous to those obtained by Zaiko [2], who observed 
a decrease in the number of active taste buds after the taking of food, In Zaiko's experiments, however, which 


100 
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were conducted on human subjects, the problem of the level of exclusion of the sensation of iaste was unsolved, 
In the experiments which we have described, in which we recorded the bioelectrical activity of the lingual nerve 
the importance of the peripheral taste apparatuses of the tongue was clearly emphasized, 


2. The Role of the Central Nervous System in Regulation of the Functions of the 
Receptors of the Tongue 


In view of the important role of the intact medulla in the mechanism of the reflex from the stomach on 
the taste receptor apparatus of the tongue, we postulated that the state of the nerve centers of the medulla may 
have a controlling influence on the functions of the receptors, In order to elucidate this point experiments were 
carried out in which the central end of the lingual nerve, the nucleus of which is situated in the medulla, where 


oe it is a component of the ninth pair of cranial nerves, was stimulated by an induction current, In these experi- 
% ments the index of the functional state of the receptors of the tongue was the afferent flow of electrical impulses ; 
in the contralateral lingual nerve, 
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Fig. 3, Inhibition of the efferent bioelectrical activity of the lingual nerve 
during antidromic stimulation, Legend as in Fig, 2. Time of stimulation 30 
seconds, 
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The results of these experiments showed that stimulation of the central end of the lingual nerve with a 
weak induction current for 30-45 seconds led to a considerable weakening of the electrical activity of the con- 
tralateral lingual nerve when the taste stimuli were acting on the tongue, Under these circumstances there was 
a decrease in the frequency of the impulses by 40% and more (Fig, 2), The original level was regained 12-13 
minutes after stimulation, Our results were similar to those obtained in experiments on the retina [12] and olfac- 
tory bulbs £10, 13], 


This series of experiments was of interest from the point of view that stimulation of the central end of the 
lingual nerve while the electrical activity of the contralateral nerve was recorded apparently imitated signals 
from the excited receptors of the tongue, proceeding to the central nervous system, 


Strong or prolonged excitation of the receptors of the tongue (during the action of stimuli) thus led to re- 
flex inhibition of their activity, inhibition due to the participation of the medulla and also, probably, to other 
divisions of the central nervous system, 


Analysis of the results of this group of experiments suggests that the nerve centers of the medulla are re- 
sponsible for the regulation of the functional activity of the taste receptors, depending on the character of their 
flow of afferent impulses, This regulation of the physiological activity of the receptors is in all probability 
effected by the sending of efferent signals of a definite purpose, 


Having postulated that the active influence of the nerve centers on the receptor apparatuses of the tongue 
was of such a character, we were concerned to carry out experiments in which it might be possible to show that 
the excitation proceeding along the lingual nerve to the receptors of the tongue under these particular experi- 
mental conditions could, in fact, inhibit their total afferent electrical activity, The results of these experiments 
showed that stimulation of the peripheral end of the lingual nerve leads to' marked inhibition (by 50% and more) 
of the afferent flow of impulses in the same or the contralateral lingual nerve (Fig, 3), This effect was transient, 
and 20-25 minutes later the afferent electrical activity regained its initial level, Our findings in these experi- 
ments were similar to those obtained for the optic nerve [11] (Motokawa and Ebe) and the lingual nerve [8]. 


The physiological activity of the chemoreceptors of the tongue, when expressed as the combined afferent 
bioelectrical flow of impulses, is thus subjected to the controlling influence of the interoreceptors of the stomach, 


The processes of efferent control of the chemoreceptors, effected by particular divisions of the central nervous 
system, in all probability bear the character of *reversible” connections, and are of importance in tuning the 
receptors to a certain level of activity, to correspond to the requirements of the external and internal environ- 


ment, 


SUMMARY 


The relationship of the afferent bioelectrical activity of the lingual nerve upon the condition of gastric 
interoreceptors was studied, 


It was shown that the gastric interoreceptors exert a significant effect on the afferent bioelectrical flow 
from the lingual receptors. The processes of the efferent control of the lingual chemoreceptors are affected by 
definite parts of the central nervous system (the role of the medulla is shown); in all probability they have a feed- 
back character and are meant for tuning of the receptors to a definite level of activity in accordance with the re- 
quirements of external and internal environment of the organism. 
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PRIMARY CORTICAL REACTION ZONES UNDER THE INFLUENCE 
OF THE RECEPTOR APPARATUS OF THE CORONARY 


VESSELS AND PERICARDIUM 


F, P, Yasinovskaya 


Electrophysiological Laboratory, S, P, Botkin Hospital (Chief Physician — Prof, 

A. N, Shabanov) , Moscow 

(Presented by Active Member AMN SSSR V, V., Parin) 

Translated from Byulleten' Eksperimental ‘noi Biologii i Meditsiny Vol, 51, No, 3, 
pp. 8-13, March 1961 

Original article submitted February 12, 1960 


Many experimental and clinical findings show that excitation of interoceptors reaches the cerebral cortex, 
Connections between the cortex and the heart have been discovered by the method of conditioned reflexes [2, 7, 
15], During stimulation of interoceptors, bursts of impulses are recorced in the corresponding afferent fibers [4, 
5, 16]. A flow of impulses in the afferent nerves of the heart has been observed in different phases of the cardiac 
cycle when the heart was exposed to the action of various drugs and also after ligation of the coronary arteries 
[1, 13, 24]. 


Various authors [3, 4, 9, 10, 11] have shown that when impulses from the interoceptors reach the cortex, 
they change the character of its bioelectrical activity, These changes were especially clearly marked in the 
premotor and parietal areas of the cortex, 


A flow of afferent impulses also modifies the EEG in man, It has been observed that the EEG undergoes 
considerable modification when there are pathological changes in the internal organs, In previous research, the 
author in conjunction with A, V, Meshcheryakova [12], showed that in the course of an attack of angina pectoris, 
confirmed clinically and electrocardiographically, there was an increase in the frequency and amplitude of the 
electrical waves, and asynchronous peak waves appeared, Similar changes were recorded in different areas of 
the cortex, although in the premotor areas of the cortex they either appeared earlier or were most in frequency 
and amplitude, and in some cases they were limited to these areas, 


In order to investigate the representation of the extero- and interoceptors in the cortex, in recent years 
the method of primary responses has been successfully used, Galambos and Davis [23] defined the auditory zone 
by this method, Bishop and O'Leary [22] the visual zones, Amassian [20] the representation of the splanchnic nerve, 
and so on, In a series of researches by Chernigovskii and Kullanda [17] data were obtained relating to the rep- 
resentation of the pelvic and pudendal nerves in the cortex of cats and dogs, and a detailed summary was given 
of work on representation of the internal organs, 


Amassian [20], Kullanda [6] and others studied the primary responses or, more accurately, the primary 
reactions to adequate stimulation of the intemal organs, These reactions cannot be called primary responses, 
for under the conditions of stimulation of the receptor apparatus it was not possible to determine their latent 
period, which is a fundamental index of the primary nature of the response, Nevertheless they must be classed 
as primary as opposed to secondary and generalized reactions, for localization of the cortical zones is typical 
of primary reactions, 
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As a result of the reports in the literature and of our own findings, we considered it necessary to investigate, 
by means of the method of primary responses, whether localized zones exist in the cortex to which afferent im- 
pulses proceed from the heart when the coronary circulation is experimentally disturbed, 


EXPERIMENTAL METHOD 


Experiments were carried out on 15 cats under intravenous urethane (70-80 mg/kg body weight) or chlora- 
lose (80-100 mg/kg body weight) anesthesia, With the aid of artificial respiration the thorax was opened and 
the pericardium incised, Under the left descending coronary artery was passed a ligature with an attachment 
for frequent stopping and restarting of the blood flow, The pericardium was stimulated mechanically, Since 
the manipulations were carried out on the heart, and the animal's head was directed downward at this time, in 
some cases we used a special electrode holder for the EEG leads, Four revolving plexiglass half-rings, fitted with 
silver electrodes 0,5 mm in diameter, were attached by screws to both temporal bones of the skull, Action po- 
tentials were tapped from the exposed cortex, The recordings were made on an ink-writing electroencephalo- 
graph from the Experimental Factory of the AMN SSSR, with visual observation on the screen of an oscilloscope. 
The ECG was recorded at the same time by a semi-direct lead, 


EXPERIMENTAL RESULTS 


Without anesthesia or under light ether anesthesia ligation of the coronary arteries or stimulation of the 
pericardium caused groups of rapid waves to appear in the cortex, more marked in the anterior divisions of the 
cortex, After prolonged anesthesia, when the background cortical activity was imperceptible, in response to 
ligation, removal of the ligature, and stimulation of the pericardium, twoand sometimes three zones were found 
in the cortex where a response was recorded in the form of a biphasic wave, with a first positive phase or group 
of 2-3 waves, 


Fig. 1. The first zone of representation of the receptors of the 
heart in the posterior cruciate gyrus, The primary reactions are 
superimposed on a schematic chart of the cortex, It can be seen 
that this zone is covered by the zone of the splanchnic nerve and 
by the somatic zone from the forepaws and chest (Adrian [19)), 


The first zone (Fig, 1), situated in the posterior cruciate gyrus, is in the first zone of somatic sensation, 
partially covering the zone of representation of the splanchnic nerve, The variations in potential which we 
then marked on the brain chart corresponding to the point at which they appeared were similar, in their general 
features (sequence, duration and amplitude), to those observed simultaneously on the oscilloscope, although they 
differed slightly in shape on account of the inertia of the ink-recording system. The amplitude of the maximum 
response was of the order of 100 wv (individual observations gave a response greater than 200 pv), The duration 
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of the first phase in those cases when the response had a clear biphasic form was 20-30 msec, The focus of maxi- 
mum response and the limits of the zone, as also the form of the response, changed slightly in the course of the 
experiment but in the different experiments, however, as a rule it did not extent beyond the limits of the limb 
area of the first zone of somatic sensation, 


It must be pointed out that in certain experiments under deep anesthesia we were able to record the pri- 
mary response during tactile stimulation of the forepaws and chest in the same zone as during stimulation coming 
from the heart, The areas of the cortex given in the scheme in the work of Adrian [19] also show coincidence 
of the somatic zone (from the chest and paws) and the visceral zone obtained by us, 


Fig. 2, Second zone of representation of the receptors of the heart 


in the anterior ectosylvian gyrus, falling within the second zone of 
somatic sensation of the limbs, 


Fig. 3, Third zone of representation of the receptors of 
the heart in the orbital gyrus (within the zone of repre- 
sentation of the vagus nerve), 
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In Fig, 2 we depict the second zone obtained under the same conditions, It is situated in the anterior ecto- 
sylvian gyrus, in the second zone of somatic sensation, and also covering or coinciding with the second zone of 
the splanchnic nerve, This zone is smaller in extent, and the amplitude of its maximum response is lower than 
in the first zone (about 50-70 wv), and we were not able to record clear primary reactions in this zone in all the 
experiments, The results obtained by Amassian [20] relating to the representation of the splanchnic nerve show 
the opposite picture, The second zone in the ectosylvian gyrus was much greater in amplitude than the first, 

It must be pointed out that after ligation of the coronary artery both these zones were much more clearly appar- 
ent than during stimulation of the pericardium, Similar primary responses in roughly the same areas were re- 
corded by Kullanda [6] during stimulation of the pericardium, 


In Fig, 3 we show the third zone, stiuated in the orbital region of the cortex, This zone falls completely 
within the vagus nerve zone identified by Bailey and Bremer [21], As a rule, however, it was smaller in ex- 
tent, Considerable variations in the amplitude of the maximum response (20-150 wv), the presence of two, and 
sometimes three maximum responses, and the variability of its extent are especially characteristic of this zone, 
The clear coincidence between the primary reactions and the moment of clamping and releasing the coronary 
arteries suggests that it is associated with excitation of the receptor formations in the adventitia of the coronary 
vessels, The temporary clamping of the cornary artery without subsequent ischemia confirmed this hypothesis, 


It must be pointed out that in the course of the experiment the disturbance of the coronary circulation in- 
creased in severity, as a result of both the duration of the experiment and the frequent applications of the liga- 
ture (on the average 10-15), leading to ischemia, which was apparent during the recording of the ECG, During 
this time the foci of maximum response were displaced, the configuration of the responses was altered, the re- 
sponse more rarely preserved its proper biphasic form and was replaced by a monophasic type, and often the zone 
grew in size, In addition, in the intervals between stimulation, and especially at the time when the blood flow 
in the coronary artery was arrested, biphasic waves of the primary response type or groups of waves, sometimes 
of considerable amplitude, appeared, 


When recordings were taken of the zones described above, the following relationship was observed: during 
ligation of the coronary artery the first and second zones were more marked than the orbital, During stimula- 
tion of the pericardium the opposite relationship held good, After division of the vagus nerves in the neck the 
primary reactions in the orbital zone diminished or disappeared, These findings are in agreement with those of 
Bailey and Bremer [21] concerning the representation of the vagus nerve, There is morphological evidence [8] 
that the myocardium of the atria and the pericardium are innervated by the sympathetic and vagus nerves, where- 
as the myocardium of the ventricles has a purely sympathetic innervation, 


The physiological observations of Shakhbazyan [18] and Rodionov [14] show that the pain reception of the 
heart is associated with excitation of the endings of nerves passing in the composition of the sympathetic trunks, 
Clinical data concerning the development of angina pectoris during compression of the stellate and cervicular 
sympathetic ganglia also confirm this hypothesis indirectly, It is also known that pain impulses cause a diffuse 
excitation of the first zone of somatic sensation in both hemispheres, Ligation of the coronary artery in un- 
anesthetized animals, like spasm or thrombosis of the artery in man, causes strong pain stimulation, 


These observations evidently give grounds for considering that the first and second zones defined in our 
experiments are the consequence of excitation of the endings of nerves passing in the composition of the sym- 
pathetic trunks, whereas the zone in the orbital region reflects the result of excitation of the endings of the vagus 
nerve, 


It was pointed out previously that in the course of a prolonged experiment, as increasing ischemia develops 
as a result of the frequent ligation, primary reactions or groups of waves are observed in the cortex, unconnected 
with the moment of ligation or of stimulation of the pericardium, These waves appear especially often when the 
coronary artery is covered, 


It may be suggested on hypothetical grounds that the receptors of the myocardium possess a higher thres- 
hold than the nerve endings in the coronary vessels, and signals are received from them after a higher intensity 
of stimulation, The coincidence of the first and second zones of afferent impulsation from the heart and the 
somatic zones of the forepaws and chest appears to be important because irradiation of pain and a zone of hyper- 
algesia in the upper limbs and chest are characteristic of angina pectoris, It is generally considered that irradia- 
tion of pain and hyperalgesia are determined at the level of the spinal cord, but it is evidently possible (and our 
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findings confirm this) that the cortex also plays a part in these phenomena, In this connection it is interesting to 
note that, according to statistical evidence, reflex angina pectoris is encountered much more often in neuritis of 
the nerves of the upper limbs than in neuritis of the nerves of the lower limbs, The overlapping of the first and 

second zones of representation of the receptors of the heart by the zone of representation of the splanchnic nerve 
may also provide a morphological basis for the reflex angina pectoris accompanying gastric ulcer, cholecystitis, 
duodenitis and other diseases of the intemal organs, 


SUMMARY 


Experiments on cats established the presence of 3 primary cortical reaction zones responding to the stimu- 


lating action exerted on the receptor apparatus of the coronary vessels and pericardium, The first of them is 
located in the cruciate gyrus in the first zone of somatic sensation, partly overlapping the zone of the splanch- 
nic nerve, The second zone is located in the ectosylvian gyrus in the second zone of somatic sensation, The 
site of the third one is the orbital region, in the zone of the vagus nerve. 
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It may now be considered established that the mechanism of chemoreception in the carotid sinus and in- 
testinal reflexogenic zones is closely connected with the carbohydrate metabolism in the tissue of the receptors 
[1, 2, 4, 5, 6]. However, the role of the C, acid cycle in the mechanisms of chemoreception has not yet been 
explained, It was shown in a previous communication [3] that disturbance of the glycolytic cycle by sodium 
fluoride, or of the C, acid cycle by hydroxylamine leads to a decrease in the sensitivity of the intestinal recep- 
tors to acetylcholine, The depressing action of sodium fluoride on reflexes caused by acetylcholine may be 
abolished by the addition to the perfusate of the end product of glycolysis, namely pyruvic acid, but the depress- 
ing action of hydroxylamine is not abolished by this acid, In this connection it has been postulated that the role 
of the various links in the chain of tissue metabolism in the mechanisms of chemical stimulation of the intesti- 
nal receptors is not identical, and that in fact the C, acid cycle is more closely connected with the mechanism 
of reception of acetylcholine than is the glycolytic cycle, 


It was considered of interest to investigate whether similar relationships also applied to the chemical 
stimulation of the receptors of the carotid sinus reflexogenic zone, 


EXPERIMENTAL METHOD 


In 29 cats under urethane anesthesia the isolated carotid sinus was perfused with oxygenated Ringer-Locke's 
solution, All vessels leading from the carotid bifurcation were ligated with the exception of the external and 
common carotid arteries into which were inserted efferent and afferent cannulas, and the carotid sinus nerve 
was preserved intact, As stimulus we used acetylcholine in a dilution of 104 g/ml, which was injected into the 
perfusion fluid with a syringe in a volume of 0,5 ml, The reflex changes in arterial pressure and respiration 
were recorded by the usual methods, 


It must be pointed out that when the receptors of the carotid sinus were exposed to the action of acetyl- 
choline, besides a deepening of respiration we often observed an increase in the arterial pressure in some ex- 
periments and a decrease in others, Since a control injection of 0,5 ml of Ringer-Locke's solution did not cause 
such a fall in the blood pressure, the depression caused by the acetylcholine could not be associated with the 
increased pressure within the sinus itself as a result of injection of the acetylcholine solution, It must also be 
mentioned that after division of the carotid sinus nerve, acetylcholine in the same dose did not cause changes 
in the cespiration and blood pressure, which undoubtedly suggests that the depressor reaction was reflex in nature, 
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Fig. 1, Reaction of the circulation and respiration to stimula- 
tion of the carotid sinus receptors of a cat with acetylcholine 
(0.5 ml, 104 g/ml), A) Perfusion of the carotid sinus with 
Ringer-Locke's solution without sodium pyruvate, Reflex to 
actylcholine: a) 5 minutes before injection of sodium fluoride; 
b, c, d, e) 5, 15, 40 and 50 minutes after injection of sodium 
fluoride into perfusion fluid (1 m1 10* g/ml), B) Perfusion 

of carotid sinus with Ringer-Locke's solution containing sodi- 
um pyruvate in a concentration of 10~* g/ml, Reflex to 
acetylcholine: f) 5 minutes before injection of sodium fluo- 
ride; g, h, i, j) 5, 15, 40 and 50 minutes after injection of 
sodium fluoride (1 m1 107 g/ml), Significance of curves 
(from above down): respiration; arterial pressure; zero line; 
velocity of perfusion; time marker (5 seconds); stimulation 
marker, 


EXPERIMENTAL RESULTS 


Identical results were obtained in eight experiments, as shown in Fig, 1. 


It will be seen from Fig, 1, a-e that the reflexes to acetylcholine were at first depressed by the action of 
sodium fluoride, and were subsequently restored 40-50 minutes after injection of sodium fluoride, After the 
reflexes had been restored the carotid sinus was perfused with Ringer-Locke's solution containing the sodium 
salt of pyruvic acid in a concentration of 1074 g/ml, Against this background sodium fluoride was again injected, 
and at various intervals of time after the injection the magnitude of the reflexes was determined, It is clear from 
Fig, 1, f-j that the respiratory reflex was not restored at all under these conditions, but the depressor reflex was 
restored after the same period of time as in the absence of pyruvic acid, 
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Fig, 2. Reaction of the circulation and respiration to stimula- 
tion of the carotid receptors of the cat with acetylcholine 0,5 ml 
10~ g/ml), a) Reflex to acetylcholine 5 minutes before injec- 
tion of hydroxylamine; b, c, d) 5, 10 and 30 minutes after injec- 
tion of hydroxylamine (1 ml 10* g/ml); e) reflex to acetyl- 
choline 5 minutes before injection of sodium fluoride; f, g, h, i) 
5, 10, 45 and 55 minutes after injection of sodium fluoride into 
the perfusion fluid (1 ml 107 g/ml), Significance of the curves 
as in Fig, 1. 


In other experiments in which, at the very beginning of the experiment, the isolated carotid sinus was 
perfused with Ringer-Locke's solution containing sodium pyruvate, we also failed to observe any hastening of 
the restoration of the reflexes to acetylcholine after their inhibition by sodium fluoride, In this way a signifi- 
cant difference was found in the mechanisms of reception of acetylcholine between the carotid sinus and in- 
testinal reflexogenic zones, 


According to our hypothesis, the influence of pyruvic acid on reflexes from the intestine inhibited by 
sodium fluoride is that this acid promotes the C; acid cycle when glycolysis is disturbed, The fact that pyruvic 
acid does not have this action during perfusion of the carotid sinus indicates that a normal C; acid cycle, in 
which pyruvic acid is the substrate, evidently does not play an important part in the preservation of the recep- 
tion of acetylcholine in this zone, 


In eight experiments we introduced hydroxylamine solution (1-3 ml of 107% g/ml), which inhibits the C, 
acid cycle [5], into the perfusion fluid entering the carotid sinus, and in contrast to the experiments on the in- 
testine we observed no essential change in the excitability of the receptors in this region, By comparison with 
the reflex produced by acetylcholine before the injection of hydroxylamine (Fig. 2a), the reflexes 5, 10 and 30 
minutes after injection of hydroxylamine showed practically no decrease in magnitude (Fig, 2, b, c, d), 
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Fig, 3. The effect of sodium fluoride and hydroxylamine on the chemoreflexes from 
the intestine and carotid sinus, a) Intestinal perfusion experiments; b, c) carotid sinus 
perfusion experiments, Conventional signs: points — reflexes to acetylcholine after 
injection of sodium fluoride; circles — reflexes to acetylcholine after injection of 
hydroxylamine, 


We thought it of interest to compare the effect of sodium fluoride and hydroxylamine in the same dose 
on the receptors of the carotid sinus on the one hand, and the intestinal receptors on the other, After injection 
of sodium fluoride (1 ml 107 g/ml) the reflexes to acetylcholine almost failed to appear (Fig, 2, e-i), This 
fact suggests that the receptors of the carotid sinus are more sensitive to sodium fluoride as a glycolytic inhibi- 
tor than to hydroxylamine, inhibiting the C, acid cycle, 


In order to compare the depressing action of hydroxylamine and sodium fluoride in the same dose on the 
sensitivity of the carotid sinus and the intestinal reflexogenic zones to acetylcholine, in 12 experiments we per- 
fused a loop of intestine and in 13 experiments the carotid sinus, The results of these experiments are shown in 
Fig. 3, in which the magnitudes of the reflexes are given as percentages of the initial reflex of blood pressure 
and respiration, at different intervals of time after injection of hydroxylamine and sodium fluoride into the per- 
fused organ, The dose of hydroxylamine and sodium fluoride solutions injected in these experiments was the 
same (5 ml 10 g/mlof solution into the loop of intestine and 1 m1 10 g/m! of solution into the sinus), Figure 
3,a shows that only hydroxylamine caused a sharp decrease to 20% in the magnitude of the reflexes, Both hy- 
droxylamine and sodium fluoride had a weaker influence on this magnitude, and moreover both enzyme poisons 
had approximately equal depressing actions, 
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A quite different picture is seen in Fig, 3, b and c, which shows the results of experiments to perfuse the 
carotid sinus, Here hydroxylamine caused only a comparatively weak depression, not as a rule exceeding 50%. 
Sodium fluoride, on the other hand, caused a depression of the reflexes which, in the majority of the experiments, 
considerably exceeded 50% and in some experiments reached 100%, 


The results obtained thus suggest that, in contrast to the intestinal receptors, the sensitivity of the carotid 
sinus to acetylcholine is more closely connected with the glycolytic cycle of tissue metabolism, Bearing in 
mind the specific sensitivity of the carotid sinus zone to anoxia, the facts described above may be of definite im- 
portance to the understanding of the changes in the function of this zone in different conditions, 


a” 


SUMMARY 


Acute experiments were performed on cats with perfusion of the isolated sinocarotid zone, whose nervous 
connections with the body were left intact, As demonstrated, the inhibitor of glycolysis (sodium fluoride) markedly 
depresses the reflexes from the sinocarotid receptors provoked by acetylcholine, whereas the tricarbonic acid 
cycle inhibitor (hydroxylamine) exerted a mild and brief depressing effect on carotid receptors, Addition of the 
tricarbonic acid cycle (pyruvic acid) into the perfusate of the substrate did not accelerate the restoration of the 
reflexes deranged by sodium fluoride, 


In comparing the data thus obtained with the results of altered intestinal sensitivity during the action of 
poisons of the tricarbonic acid and glycolytic cycles a conclusion was drawn that as distinct from the intestinal 
receptors, chemoreception of the sinocarotid zone is to a much greater extent associated with the glycolytic 
cycle of tissue metabolism, 
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Chernigovskii [10] first discovered the fact that metabolic disturbances in the receptors caused by mono- 
iodoacetic acid (MIA) differed in their effect on the perception of different groups of chemical stimuli, In these 
conditions carbon dioxide, when applied to the receptors, did not cause the changes in respiration and blood pres- 
sure which are characteristic of receptors in their normal state; at the same time reflexes caused by nicotine and 
acetylcholine remained intact, 


Chernigovskii accordingly put forward the hypothesis that these two groups of chemical stimuli had differ- 
ent mechanisms of action, According to his view, acids (and also oxygen lack and cyanides) do not act directly 
on chemoreceptors, but cause some form of essential change in the cell metabolism, and this acts as the stimuli 
for the chemoreceptors, On the other hand, the chemical stimuli of the second group act directly on the receptors, 
and possibly do not cause significant changes in the metabolism of the tissue cells, Chernigovskii also showed 
that, under the influence of MIA, the reaction to carbon dioxide first disappears, and then is distorted, to become 
a depressor reaction, Subsequently Lebedeva [4, 5], on the basis of findings obtained without the use of electro- 
physiology, came to the conclusion that depressor reactions arise as a result of the exclusion of the receptors 
under the influence of carbon dioxide, and of the consequent cessation of the flow of pressor impulses into the 
centers, which we later confirmed by electrophysiological investigations [1], 


Lebedeva [7] also showed that when the metabolism of the receptors was disturbed by the action of MIA, 
in addition to the disappearance and distortion of the reflexes to acids, an increase also took place in the excita- 
bility of the receptors by the chemical stimuli of the second group, On these grounds, Lebedeva developed the 
idea that the disturbance of metabolism was reflected in the general functional state of all the receptors, as 
shown by their increased excitability, The disappearance of the pressor reactions to carbon dioxide under these 
circumstances and the transformation of pressor reactions into depressor were regarded by her in the light of the 
views of Vvedenskii and Ukhtomskii, namely that an apparatus which is in a state of constant and fairly intensive 
activity must pass more easily into a state of inhibition than an apparatus which is in a resting, inactive state, 
Later, Lebedeva [8] examined these findings in the light of the possible depolarizing and hyperpolarizing action 
of carbon dioxide, depending on the initial level of the membrane potential, which may be changed under the 
influence of MIA, 
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Thus, Lebedeva, who was mainly concerned with the analysis of the depression in the response to acids, 
and with the associated increased excitability to nicotine, ceased to attach importance to the difference in the 
reactive systems receiving different groups of stimuli, and paid special attention to the change in the excita- 
bility of the receptors, From our point of view the idea that different reactive structures are present and that 
specific disturbances may take place in the metabolism of some of these structures by the action of MIA, is more 


correct, 


In the present research we attempted to verify these points of view, i.e,, to give an answer to the question 
whether the disappearance of the reflex reactions, arising in response to the action of carbon dioxide after changes 
in metabolism due to administration of MIA, is due to a change in the excitability or to the specific interference 

by MIA in the metabolism of the systems sensitive to the action of acid, 


EXPERIMENTAL METHOD 


The investigation took the form of acute experiments on cats under urethane anesthesia, in which an iso- 
lated segment of intestine, connected to the rest of the body only by its nerves, was perfused, Chemical stimuli— 
nicotine and acids — were introduced into the flow of perfusion fluid, The blood pressure in the carotid artery 
was recorded by means of a mercury manometer, In some experiments respiration was recorded by means of a 
Marey’s capsule, 


The influence of MIA on the reception of different groups of chemical stimuli was studied both after a 
single injection of solutions of the stimuli into the perfusion fluid and after prolonged passage of Ringer-Locke's 
solution containing MIA through the intestinal vessels, In Lebedeva's experiments MIA was usually allowed to 
act by giving a single injection of 5 ml of a 0,01 M solution, Under these circumstances an increase in excita- 
bility, as shown by an increase in the magnitude of the reflexes, was observed only in relation to the second 
group of substances, whereas the reactions to acid at once began to decrease, The absence of even an initial 
increase in the reflex reactions to acids may be explained by the immediate injection of too large a dose of 
MIA, In our experiments we therefore tested the influence of a small concentration of MIA (0,0005 M) during 
prolonged perfusion of the intestinal vessels with this solution, We studied the action of nicotine (1: 10°5- 

1: 1074) and acids (lactic acid, 0,5-2,0% solution, acetic acid, 0,5-1,0% solution and 0,03% hydrochloric acid), 
These solutions were injected in a volume of 0,5 ml, After a series of reflexes to chemical stimuli had been re- 
corded, the MIA solution was passed through the vessels of the isolated segment of intestine, and the reflexes 

were again investigated during the action of the above-named chemical stimuli, In some cases perfusion of the 
vessels with Ringer-Locke'’s solution was then resumed, 


EXPERIMENTAL RESULTS 


The kymograms of one of the experiments are illustrated in Fig, 1, In kymograms 1-3 the reflex reactions 
of the blood pressure are shown during the action of 50 yg nicotine, 0,5 ml of a 0.5% solution of lactic acid and 
0.5 ml of a 0,03% solution of hydrochloric acid on the receptors of the intestine by injection into the flow of 
Ringer-Locke's solution used for perfusion of the intestinal vessels, 


Kymograms 4-6 show the reactions to the same chemical stimuli one hour after the beginning of perfusion 
with MIA(0,0005 M). It is clear that all the reactions are increased in magnitude, An even greater increase in 
the reactions to these chemical stimuli took place 1 hour 40 minutes after the beginning of perfusion with MIA 
(kymograms 7, 8 and 9), After further perfusion with MIA solution the reflex reactions in response to the action 
of nicotine began to fall (kymogram 10), At the same time the depressor reactions to lactic and hydrochloric 
acids either disappeared or were weakened (kymograms 11 and 12), 


After rinsing with Ringer-Locke's solution the reactions to acids became obviously depressor, but those to 
nicotine were restored and exceeded the initial level (kymograms 13, 14, 15), All the experiments of this series 
followed a similar course with only slight variations, These variations primarily concerned differences in the 
degree of increase of excitability, The reflex reactions to nicotine in individual experiments reached 450% of 
the initial level, The increase in magnitude of the reflexes to acid reached 400%, 


In some experiments the reflexes to nicotine increased more, in others those to acid, The subsequent de- 
crease and disappearance of the reflexes to acid were usually accompanied by a weakening of the reflex to 
nicotine, although this weakening varied in degree, After rinsing with Ringer-Locke’s solution the reflexes in 
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Fig. 1. Reflex changes in the blood pressure during the action of nicotine, and lactic 

and hydrochloric acids on the receptors of the intestine before perfusion with mono- : 
iodoacetic acid (MIA) (1-3), after perfusion with a 0,0005 M solution of MIA (4-12) es 
and during rinsing with Ringer-Locke's solution (13-15), Perfusion with MIA began 

at 11 hr 47 min and ended at 15 hr 20 min, Significance of the curves (from above 

down): blood pressure in the carotid artery; marker of injection of stimulus; time 

marker (5 seconds), Key: 1) nicotine 50 wg; 2) lactic acid 0,5 ml 0.5%; 3) HCl 

0.5 ml 0,03%, 


response to the action of nicotine were restored and strengthened by comparison with their initial level, whereas 
the reflexes to acid were either completely absent or had become depressor in character, 


We consider that the principal result of these experiments is the fact that, with a very considerable in- 
crease in the excitability of the intestinal receptors, which was shown by the increased magnitude of the reflexes 
to nicotine to 450% of their initial level, the reflex reactions to acid neither disappeared nor were distorted, but z 
also increased, Decrease and disappearance of the reflexes to acid developed against a background of decrease 
of the reflexes to nicotine and not when these were increased, Distortion of the reflexes to acid developed only 
after their preliminary disappearance, 


In order to solve this problem, it is equally important to present it in another way, Is it possible for the 
reflexes to acid to disappear or be distorted when the level of excitability remains unchanged? Is it possible for 
the pressor character of the reaction to acid to be restored after its disappearance or distortion under the influence 
of MIA when the level of excitability is lowered? 


In Fig, 2 (1 and 2) we show the pressor reactions affecting the blood pressure and the slight increase in 
respiration arising in response to the injection of 5 wg nicotine and 0,5 ml of a 0,5% solution of acetic acid 
into the intestinal vessels, After injection of 5 ml of a 0,1 M solution of MIA (kymograms 3, 4, 5 and 6) a de- 
pressor reaction of the blood pressure develops in response to the same action of acid, whereas the reaction to 
nicotine maintains its original magnitude, Perfusion with MIA solution in a concentration of 0,002 M was then 
carried out, and this, as we have previously shown [21, quickly lowers the excitability of the receptors, Under 
these circumstances the reaction to nicotine was decreased (kymogram 7), although in this case too the reaction 
to acid continued to remain depressor (kymogram 8), Both reactions subsequently disappeared, After rinsing ; 
with Ringer-Locke's solution the reaction to nicotine was restored, whereas the reaction to acid remained feebly 3 
depressor, At the end of the experiment the reaction to nicotine was usually decreased and the reaction to acid 4 
absent (kymograms 13 and 14), 


If we compare the results of these two series of experiments we see that, on the one hand, even a very large * 
increase in the excitability and a sharp increase in the reflexes to nicotine did not lead to the disappearance and Log 
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Fig, 2. Reflex changes in blood pressure and respiration during the action of nicotine 
and acetic acid on the receptors of the intestine before perfusion with MIA (1, 2), after 
injection of 5 ml of a 0,01 M solution of MIA (3-6), during perfusion with a 0,002 M 
solution of MIA (7-10) and after rinsing with Ringer-Locke's solution (11-14), The 
single injection of 5 ml of 0,01 M MIA solution was given at 15 hr 15 min, Perfusion 
with 0,002 M MIA solution began at 16 hr 27 min and ended at 17 hr 02 min, Sig- 
nificance of the curves (from above down): blood pressure in the carotid artery; res- 
piration; marker of injection of stimulus; time marker (5 seconds), Key: 1) Nicotine 
5 ug; 2) acetic acid 0.5% 0.5 ml, 


distortion of the reflexes to acid, which also increased in magnitude, On the other hand, after poisoning of the 
receptors with MIA the pressor character of the reaction to acid was not restored when excitability was lowered, 
suggesting that the change in the level of excitability was not of decisive importance, 


We cannot therefore agree with Lebedeva that the level of excitability is of paramount importance in the 
disappearance and distortion of the reflexes to acid, This phenomenon only develops during considerable degrees 
of poisoning of the tissue with MIA, and is due, in our opinion, to the irreversible inactivation of the reactive 
systems responsible for the perception of acids, We accordingly reverted to Chernigovskii's original view con- 
cerning the different points of application of the action of the two groups of chemical stimuli, which we desig- 
nate as different reactive systems, It does not yet appear possible to answer the question whether these structures 
are morphological or biochemical, 


Let us turn again to the action of MIA on the perception of nicotine which, according to the previous find- 
ings of Chernigovskii and Lebedeva, was not disturbed by the action of 5 ml of a 0,01 M solution of MIA. How- 
ever, in both the present work and in our previous investigation [2] it was shown that the response to nicotine is 
also disturbed by a high concentration of MIA, The view was expressed above that this occurs as a result of the 
acid properties of MIA, However, the use of a neutralized solution of MIA in the present investigation gave the 
same result, the only difference being that the effect developed after longer intervals of time. 
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This action of MIA is similar to its influence on other excitable structures, It was demonstrated by several 
workers, for example, in nerves and muscles [3, 9, 11, 12, 13], The fact that the reception of acids is compara- 
tively quickly and irreversibly inhibited by the action of MIA indicates, in our opinion, the existence of special 
receptor systems, possessing a special type of metabolism which is readily disturbed by the action of MIA, 


SUMMARY 


The author investigated the effect of different concentrations of monoiodacetic acid (MIA) on the recep- 
tion of nicotine and acids, It was shown that during the action of MIA in weak concentration (0,0005 M) the 
excitability in response to both stimuli augments at first and then becomes irreversibly disturbed; the action of 
nicotine changes but insignificantly, Higher MIA concentrations disturb the nicotine reception as well, however, 
this effect is reversible, A conclusion is drawn on the existence of separate reactive systems — for nicotine and 
for acids, with different metabolism, 
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SITE OF STIMULATION 
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Translated from Byulleten’ Eksperimental'noi Biologii i Meditsiny, Vol, 51, No, 3, 
pp. 23-28, March 1961 

Original article submitted May 17, 1960 


In a previous communication [8] we described reflexes from the mechanoreceptors of the urinary bladder 
on the striped muscle of the external sphincter of the urethra and on the oblique muscle of the abdomen, which 
takes part in the act of micturition, Several workers [1, 2, 3, 9, 10, 11, 13, 16, 18, 20] have described the effect 
of stimulation of the mechanoreceptors of the urinary bladder on different groups of skeletal muscles, not directly 
connected with micturition, There are indications [9, 10, 21) that differences in the degree of functional and 
anatomical proximity to the receptive zone affects the threshold of development of interoceptive reflexes on 
skeletal muscle, Miller and Waud [21] stimulated the central end of the superior mesenteric nerve and observed 
not only the contraction of the abdominal muscles but also the contraction of the muscles of the hindlimbs, and 
noted that the threshold of development of the reflex to the abdominal muscles was lower than that to the limb 
muscles, Only in individual experiments did these writers observe contraction of the muscles of the forelimbs 
and neck, 


Merkulova [9] showed that during stimulation of the mechanoreceptors of the urinary bladder or rectum 
reactions developed in the abdominal muscles more readily and at a lower threshold of stimulation than in the 
muscles of the hindlimbs, As Merkulova's numerous investigations showed, the reaction of skeletal muscles to 
interoceptive stimulation were largely brought about by the condition of the nervous centers, Changes in the 
strength, frequency and duration of stimulation of the afferent somatic nerve, and also changes in the state of 
the central nervous system caused by the administration of various drugs, had an important influence on the 
visceromotor reflexes, 


Nearly all writers have noted also that stimulation of the mechanoreceptors of the urinary bladder may 
cause both stimulation and inhibition of skeletal muscles; only a few, however, have attempted to ascertain 
what conditions may determine the particular character of the effect, Several workers [4, 5, 9, 12, 17] point 
out that it is dependent on the strength of interoceptive stimulation, As a rule weak stimulation caused inhibi- 
tion of the contractions, a decrease in the tone and a shortening of the chronaxie of the muscles, With an 
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Fig, 1, Change in the activity of the oblique abdominal and semitendinosus muscles with 
different strengths of stimulation of the mechanoreceptorsof the urinary bladder, a) Back- 
ground activity of the oblique abdominal and semitendinosus muscles with an empty uri- 
nary bladder; b) pressure in the bladder 10 mm Hg, activity of the oblique muscle of the 
abdomen inhibited, that of the semitendinosus unchanged; c) pressure in the bladder 30 mm 
Hg, strengthening of the activity of the oblique abdominal muscle and inhibition of the 
activity of the semitendinosus muscle; d) pressure in the bladder 80 mm Hg, strengthening 
of the activity of the oblique muscle of the abdomen and semitendinosus muscle, Signifi- 
cance of the curves (from above down): action potentials of the oblique muscle of the abdo- 
men; time marker (1 second); action potentials of the semitendinosus muscle, 


increase in the strength of stimulation all the effects became opposite in character, i,e,, strengthening of the 
contractions, an increase in the tone and a lengthening of the chronaxie of the muscles developed, 


Evans and McPherson [19] recorded the effect of gradual increase of pressure in the urinary bladder on the 
monosynaptic reflexes (they stimulated the dorsal root and tapped the action potentials from the corresponding 
anterior root of the spinal cord), and observed that the potentials decreased in magnitude with slight filling of 
the bladder, but increased in magnitude when the pressure became higher, 


When investigating, by another method, the influence of stretching of the urinary bladder on the flexor 
and extensor reflexes of the muscles of the hindlimbs (in response to electrical stimulation of the corresponding 
afferent nerve), these workers found that stretching of the urinary bladder at low pressure (10-20 mm Hg) in- 
creased the reflexes, When a high pressure (20-50 mm Hg) was created the reflex contractions of the corres- 
ponding muscle were increased in amplitude, 


The object of the present investigation was to compare reflex influences on various groups of skeletal 
muscles in response to different intensities of stimulation of the mechanoreceptors of the urinary bladder, 
EXPERIMENTAL METHOD 


The muscles which were chosen as differing in their proximity to the place of stimulation were the oblique 
muscle of the abdomen, the semitendinosus muscle and the sternohyoid muscle in the neck, In view of discrep- 
ancies between the findings of different workers, which were largely due to differences in the methods which 
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Fig. 2, Change in the activity of the oblique abdominal and sternohyoid 
muscles in response to different strengths of stimulation of the mechano- 
receptors of the urinary bladder, a) Background activity of the oblique 
abdominal and sternohyoid muscles with an empty urinary bladder; b) 
pressure in the bladder 20 mm Hg, activity of the oblique muscle of the 
abdomen strengthened, that of the sternohyoid unchanged; c) pressure in 
the bladder 34 mm Hg, strengthening of the activity of the abdominal 
muscle and inhibition of the activity of the sternohyoid muscle; d) pres- 
sure in the bladder 150 mm Hg, strengthening of the activity of the 
oblique muscle of the abdomen and deep inhibition of the activity of 
the sternohyoid muscle, Significance of the curves (from above down): 
action potentials of the oblique abdominal muscle; time marker (1 
second); action potentials of the sternohyoid muscle, 


they used, we gave no additional stimulation and we studied the changes in the existing bioelectrical tone of 
the muscles under the influence of stimulation of the bladder receptors of different strength, Altogether 28 
experiments were carried out, 


The method is described in detail in our previous communication [8], 


EXPERIMENTAL RESULTS 


When the electrical activity of the semitendinosus muscle and oblique muscle of the abdomen was re- 
corded simultaneously, the presence of background activity was noted in both muscles (Fig,1,a), This activity 
could be associated with the respiratory rhythm, as in the figure cited, or not (Fig,2,a). With weak stimulation 
of the mechanoreceptors of the urinary bladder there was a decrease in the activity of the abdominal muscles, 
although the action potentials of the semitendinosus muscle were unchanged(Fig. 1,b), With a somewhat greater 
strength of stimulation of the mechanoreceptors of the urinary bladder, depression of the activity of the semi- 
tendinosus muscle developed, whereas that of the abdominal muscles increased (Fig.1,c). Stimulation of still 
greater strength caused an increase in the electrical activity of both muscles (Fig,1,d). With extermely strong 
stimulation (140-150 mm Hg) the increase in the activity of the two muscles became less marked than with 
moderate stimulation, and in certain cases it was replaced by depression, 
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The change in the bioelectrical activity of the abdo- 
minal muscles thus developed at lower strengths of stimu- 
lation of the mechanoreceptors of the urinary bladder than 
the change in the activity of the muscles of the hindlimbs, 
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sips The recording of the action potentials of the cervical 
JO 40 50 60 70 60 90 100 120 0 muscle showed that it also possessed background activity 
mm Hg (see Fig, 2,a). The threshold of development of reflex 
changes in the activity of the cervical muscles during 
stimulation of the mechanoreceptors of the urinary bladder 
was higher than the threshold of development of changes 
Lasnjpecnigeaneyseanyeanypennlsieagrth in activity of both the abdominal muscles and the muscles 
60 10 8 30 100 120 KO of the hindlimbs, With strengths of stimulation of the uri- 
mm lig nary bladder sufficient to cause strengthening of the activity 
Pave uamaa of the abdominal muscles, no changes were yet observed in 
the activity of the cervical muscles (Fig,2,b). A further in- 
crease in the strength of stimulation, however, caused an 
increase in the activity of the abdominal muscles but also 
inhibition of the activity of the cervical muscles (Fig, 2,c), 
which became deeper as the strength of stimulation was 
increased up to excessive degrees, and did not change to 
strengthening of the activity (Fig, 2,d). The results of all 
these experiments have been combined in schematic form 
as graphs which are shown in Fig, 3, 
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Fig. 3. Relationship between the reflex change 
in the activity of the oblique muscle of the 
abdomen, the semitendinosus and the sterno- 
hyoid muscles and the intensity of stimulation 
of the mechanoreceptors of the urinary bladder 
(schematic), Along the axis of abscissas — 
strength of stimulation of the urinary bladder 
(in mm Hg); along the axis of ordinates — Ir may be seen in Fig, 3 that the character of the 
action potentials of the muscles (from above reaction of the striped muscles to interoceptive stimula- 
down: oblique abdominal, semitendinosus, tion is dependent on the degree of functional connection 
sternohyoid) as percentages of the original between the particular muscle and the region stimulated, 


level, 
From this investigation certain conclusions may be 


drawn regarding the influence of interoceptive impulses 
on the skeletal musculature, With minimal strengths of stimulation these influences concern the muscles most 
closely connected functionally with the stimulated organ, but as the strength of stimulation increases they spread 
to other groups of skeletal muscles, Under these circumstances the intensity of the influences on the more closely 
situated muscles is adequate for depression to be transformed into intensification, whereas the activity of the re- 
maining muscles is subjected only to a weaker, depressing influence, 


The fact that Evans and McPherson [19] observed an increase in the reflex contractions of the muscles with 
weaker forms of stimulation and depression of the contractions in response to stronger stimulation of the ipselateral 
somatic nerve, In such conditions the afferent flow of impulses from the urinary bladder evidently merely re- 
doubled this “intrinsic® (to the recording muscles) reflex, exhibiting a succession of alternations of strengthening 
and depressing influences, which we found in the case of the external sphincter of the urethra, The “conjoined” 
reflexes are characterized by the opposite relationship between the nature of the reflex influences and the strength 
of stimulation, which we constantly observed in the absence of stimulation of somatic nerves, both in the skele- 
tal muscles and in the vessels of closely situated organs, 


The flow of impulses to the vessels of regions remote from the site of stimulation, like the tone of the more 
distant muscles. was also depressed during the strongest forms of stimulation (6, 7], 


SUMMARY 


The reflex changes of the electric activity in the oblique abdominal, semitendinosus and sternohyoid 
muscles were studied in acute experiments on cats, With the rise in the strength of the mechanoreceptor stimu- 
lation in the urinary bladder the first to appear is the reaction of abdominal muscles, with low strength stimula- 
tion — relaxation, with strong stimulation — contraction; with excessively strong stimulation the contraction is 
somewhat decreased or changes into relaxation, The muscles of posterior extremities are the second to react — 
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at first by relaxation, and then by contraction, With still greater strength of stimulation there appears a reaction 
of the cervical muscles — they relax and remain in this state with further increase in the intensity of the stimu- 
lation, Thus, the threshold and the character of the striped muscles reaction to the interoceptive stimula- 

tion depend on the degree of the functional connection of the given muscle with the area stimulated, 
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ELEC TROENCEPHALOGRAM 


FORMATION OF MOTOR CONDITIONED REFLEXES 
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During the investigation of changes in the electrical activity of the cerebral cortex in the course of forma- 
tion of a conditioned reflex, interest is due not only to the reactions during the action of the conditioned stimulus, 
but also tothe changes observed subsequently, Pavlov [2] paid great attention to the relationships of induction: 

He wrote that “when a positive or inhibitory stimulus disturbs this equilibrium in the cortex, through that struc- 
ture there passes what is apprently a wave with a crest— a positive process, and a wave with a trough- an inhibi- 
tory process, which gradually become flattened, i,e,, irradiation of the processes takes place with the alternate 
participation of their mutual induction," 


In the present communication we examine the trend of the changes in electrical activity in the motor 
region of the cerebral cortex in man during the formation of a conditioned motor reaction, and we study the 
after reactions in the electroencephalogram associated with these changes, 


EXPERIMENTAL METHOD 


Investigations were conducted on 20 healthy individuals aged from 20 to 35 years, We used the method of 
formation of motor conditioned reflexes on the basis of speech reinforcement in response to a complex sound 
stimulus consisting of three identical signals applied at uniform intervals, For differentiation we also used com- 
plex sound stimuli consisting of three signals: the first two signals were of the same tone as in the conditioned 
positive stimuli, but the third signal was of a different tone, The motor reactions were recorded by means of 
electromyograms (EMG), For this purpose electrodes shaped like cups, filled with paste, were glued to the right 
forearm over the flexor muscles, The electrodes for the electroencephalograms (EEG) were applied to the skin 
of the head in a chain from the frontal to the occipital region at a distance of 4-5 cm from each other and 3-5 
cm from the midline, 


The EEG (bipolar) and EMG were recorded on a multichannel ink-recording electroencephalo- graph, Ana- 
lysis of the EEGs was undertaken by means of an eight-channel wave analyzer, made at the request of the Institute 
of Neurosurgery, 


The subjects sat in a easy chair, with their eyes closed,in a darkened, screened, but not completely sound- 
proof room, 
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EXPERIMENTAL RESULTS 


Before the formation of the conditioned motor reflexes, the reaction of the electrical activity of the cor- 
tex in response to sound was first extinguished, Extinction of the generalized depression in the EEG in response 
to movement (clenching the fingers of the right hand) was carried out, It may be mentioned that with the first 
clenching movements generalized depression of the «-rhythm was observed, Subsequently depression was seen 
only in the sensomotor region, and was more conspicuous at the beginning of and after relaxation of the positive 
contraction of the muscles, During clenching the basic rhythm was recorded, The findings corresponded to those 
described in the literature, 


The changes in the electrical activity of the motor region of the left hemisphere in the course of forma- 
tion of a conditioned motor reflex followed a definite pattem, During the first applications of the conditioned 
stimuli, after the motor reaction in the sensomotor region of the left hemisphere depression was observed, A 
few seconds later the a-rhythm appeared, In some subjects 8-waves appeared before the restoration of the 
a-rhythm, In a proportion of cases the «-rhythm was again depressed and subsequently restored for a secon 
time, 


Fig. 1, Increase in the amplitude of the -rhythm in the left sensomotor region in 
the after effect of the conditioned motor reaction (clenching the fingers of the right 
hand to make a fist) in the subject S, a) 6th combination, The reaction during the 
after effect is shown by restoration of the «-rhythm; b) 33rd combination, After 
clenching the fingers of the right hand a group of sharply pointed a-waves of ex- 
alted amplitude was recorded in the left sensomotor region, Fourth line from the 
top: EMG of the right forearm; depression of the bottom line — marker of the 

sound stimulus, 
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In response to further applications of the conditioned stimuli, an increase in the amplitude of the basic 
rhythm or the appearance of sharply pointed impulses was observed in the sensomotor region after the motor re- 
action, For instance, in the EEG of the subject S (Fig, 1,a,b), in response to the sixth combination of the condi- 
tioned stimulus, depression of the basic rhythm and its subsequent restoration were observed after clenching the 
fingers, In response to the 33rd combination sharply pointed impulses were observed after the motor reaction, 
but these were not found in the symmetrically opposite areas of the other hemisphere, 


In some subjects during the motor reactions either local changes in the sensomotor region or a pheno- 
menon which we called "a crater” were observed, The “crater” took the form of a depression of the basic 
rhythm, beginning first in the central regions and then spreading towards the occipital divisions, The rhythm 
was restored first in the posterior divisions, and took longer in the motor region, We suggest that the “crater” 
is the electrographic representation of irradiation of the excitation from the focus created in the course of for- 
mation of the conditioned motor reflex, 


Immediately after these changes, during the after effect of the conditioned motor reaction "reciprocal® 
relationships were observed between the a -rhythms in the motor and occipital regions, While the basic rhythm 
was restored in the anterior divisions it was depressed in the posterior divisions, and, conversely, when the 
rhythm was depressed in the anterior divisions waves appeared or were strengthened in the posterior divisions, 
This can be demonstrated especially clearly when recording with the analyzer, 


In the subject S, (Fig, 2,a) after the 24th combination it can be seen that when the rhythm in the senso- 
motor region reached its maximum amplitude, a decrease in its amplitude was found in the occipital region, 
Similar changes in the EEG were also observed during differentiation, For instance, in the subject Kh, (Fig, 2,a) 
during the seventh application of the differential stimulus, the tracing of the analyzer shows that the change in 
electrica) activity in response to the third sound of the complex took the form of a “crater,” immediately after 
which restoration of the wave rhythm took place with a reciprocal relationship between the anterior and posterior 
divisions, 


We regard the development of these changes in the EEG as the result of the influence of the fluctuating 
state of after excitation in the motor region during the formation of a motor conditioned reflex, They evidently 
reflect the state of excitation in the dominant focus [3] created by accumulating after excitations, and are re- 
lated to Pavlov’s mutual induction, These changes are possibly close in their mechanism to the phenomena of 
perielectrotonus, observed by Vvedenskii [1] in a nerve-muscle preparation, 


Taken as a whole, these investigations show that during the formation of conditioned motor reflexes in 
man, the following changes in the electrical activity of the cortex take place in the after effect, After the 
conditioned motor reaction, depression of the basic rhythm followed by its restoration may be observed in the 
sensomotor region, After subsequent applications of the conditioned signal the amplitude of the basic rhythm 
is increased or sharply pointed impulses appear. The latter are found only in the course of formation of the 
conditioned reflex, 


A reciprocal relationship is seen between the changes in the electrical activity in the sensomotor and 
occipital regions, During restoration of the basic a -rhythm in the anterior divisions, there is a decrease in the 
a-thythm in the posterior divisions, and vice versa, The reciprocal changes in the electrical activity in the 

sensomotor and occipital regions do not arise immediately after the beginning of formation of the conditioned 
reflexes, but after reinforcement of the conditioned motor reaction, 


SUMMARY 


A study was made of the EEG changes in healthy adults during elaboration of conditioned reactions, At 
the beginning of the conditioned motor reflexes elaboration there sets in a depression of the main rhythm in the 
EEG of the sensory motor area, following the conditioned motor reaction with its subsequent restoration, Later 

a rise of the amplitude of the main rhythm or the appearance of acute impulses is noted in this area, Trace 
reactions in the form of *reciprocal® changes of electric activity were observed in the sensory motor and occipi- 
tal areas, During the restoration of the main rhythm in the anterior portions a reduction of the a-rhythm was 
seen in the occipital areas and vise-versa, These changes occurred after stabilization of the conditioned motor 
reaction, 
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PATHOLOGICAL PHYSIOLOGY AND GENERAL PATHOLOGY 


THE MECHANISM OF DISORDERS IN MOTOR AND SECRETORY 
FUNCTION OF THE SMALL INTESTINE IN ACUTE 
RADIATION SICKNESS 


K. V. Smirnov 


(Presented by Active Member Academy of Medical Sciences, USSR 

N, A. Kraevskii) 

Translated from Byulleten’ Eksperimental ‘noi Biologii { Meditsiny, Vol, 51, No, 3, 
pp. 33-37, March 1961 

Original article submitted May 25, 1960 


Extensive reports concerning various functional changes in the small intestine in case of radiation sick- 
ness can be found in the Russian and foreign literature, Both disorders of the secretory process [5, 7, 9, 10] and 
motor disorders in the small intestine have been studied [3, 8, 11, 15, 16, 18], The results obtained suggest the 
presence of severe disorders, There are, however, no adequate experimental data revealing the mechanism of 
the pathological changes mentioned above, 


Conard [15] studied the influence of acetylcholine upon the motor function of the small intestine in rats 
and voiced the assumption that under the influence of ionizing radiation the quantity of acetylcholine present 
in the animal body possibly increases, Later, numerous authors established an increase in the acetylcholine 
content and a decrease in the cholinesterase activity in the peripheral blood and in tissues from various organs 
at certain stages of the development of radiation sickness (4, 6, 14, 16, 19}. 


In the present paper we made an attempt to discover certain factors which — in acute radiation sickness — 
cause functional changes in the small intestine, 


In view of the importance of acetylcholine in the regulation of the functional activity of the small intes- 
tine, we studied — on one and the same animal— the secretory and motor function of the small intestine, and also 
investigated the acetylcholine content and the cholinesterase activity of the arterial blood as well as of the blood 
leaving the intestine (in the portal vein). 


EXPERIMENTAL METHOD 


The experiments were carried out on three dogs, operated upon by the Thiry-Vella method, Simultane- 
ously, angiostomy was carried out on the same animals; an isolated loop of the small intestine was used as can- 
nula, 


The investigation was carried out on the day following surgery and lasted four hours, During that time, 
intestinal juice was collected from the dogs and the enterokinase and alkaline phosphatase activity was deter- 
mined in the juice; the motor activity of the isolated intestinal loop was recorded [10, 11}, In addition, the 
enterokinase and alkaline phosphatase activity of the stools was determined two to three times a week, 


Immediately after the animal had been taken down from the stand, blood was taken from the portal vein 
and the femoral artery by means of a syringe, and the cholinesterase activity as well as the content of acetyl- 
choline in the blood were estimated, 


The cholinesterase activity was estimated by the method of S. R. Zubkova and T, V, Pravdich-Nemin- 
skaya [1], which is based on the titration of acetic acid formed by the breakdown of acetylcholine; the cho- 
linesterase activity was expressed in mg of acetylcholine destroyed by 1 m1 serum within one hour, 
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Fig. 1. I) Changes in the motor and secretory function of the small intestine in 
acute radiation sickness in the dog Aksioma; N) the motor function under normal 
conditions; t ) intensified motor function; | ) depression of the motor function; II) 
key to signs relating to the acetylcholine content of the blood; , ,) traces of ace- 
tylcholine; ¢t ) increased content of acetylcholine in the blood; black columns) 
cholinesterase activity in the serum from portal blood, —,-.) phosphatase activity, 
——) enterokinase activity, - ——) quantity; of the intestinal juice; crosshatched 
columns) enterokinase content in the stool; hatched columns) phosphatase content 
in the stool; X) moment of eserine administration; | ) moment of atropine admin- 
istration, Vertical lines: day of exposure to x-rays; left part of the figure : normal 
conditions; right part of the figure : after exposure to radiation: abscissas ; days be- 
fore and after exposure to radiation, 


The acetylcholine content in the blood serum was estimated on a biological test object: the dorsal muscles 
of the leech, 


Acute radiation sickness was produced in the dogs by total body radiation in a dose of 400 r under the 
following conditions: potential 180 kv; current strength 20 ma; capacity of dose 16,2-16,7 r/min; focus dis- 
tance 90 cm, filters 0.56 mm Cu and 1 mm Al, 


EXPERIMENTAL RESULTS 


To increase the motor activity of the isolated intestinal loop, eserine (a cholinesterase inactivator) was 
injected subcutaneously in a dose of 0,1 mg per kg weight, Figures 1-3 show that this caused a considerable 
intensification in the motor function of the isolated intestinal loop, At the peak of the increased motor activity 
blood was taken from the portal vein and the femoral artery, This procedure was followed by a marked decrease 
in the cholinesterase activity in the sera from both blood samples, In the dog Vazhnyi the activity decreased in 
the portal blood from 0,60-0,.69 to 0,37, in the dog Aksioma the activity decreased from 1,45-1,89 to 1,005, 
and in the dog Bezdomnyi, from 0,80-0,88 to 0,69, At the same time, the appearance of acetylcholine in the 
portal blood could be observed in all three animals (normally this substance can hardly be found in the portal 
blood), 


Administration of atropine diluted 1: 1000, in a dose of 1 ml, blocked the action of acetylcholine and 
caused a decrease in the motor function of the isolated intestinal loop, Under these conditions the cholinesterase 
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Fig, 2, Changes in the motor and secretory function of 
the small intestine in acute radiation sickness in the dog 
Vazhnyi, Designations and symbols same as in Fig, 1. 


Bezdomnyi 
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—A tropine 


Fig, 3, Changes in the motor and secretory function of the small 
intestine in acute radiation sickness in the dog Bezdomnyi, Des- 
ignations and symbols same as in Fig, 1. 
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activity of the serum in the portal blood and the arterial blood fell within the normal range and no acetylcho- 
line was found, 


After exposure of the dogs to x-rays in a dose of 400 r, suppression of the cholinesterase activity in the 
portal blood and the arterial blood could be observed from the first day up to the 10th-12th days, At the same 
time, acetylcholine appeared in the blood of the portal vein, and could be found here up to the 8th-12th days 
(see Fig, 1), Simultaneously, i,e., from the first day and until the 10th-12th days after exposure to radiation, 
the motor activity of the isolated intestinal loop was intensified in all dogs, 


This period was later followed by an increase in the cholinesterase activity of the portal blood and the 
arterial blood to a level considerably exceeding the normal, The maximal cholinesterase activity in the dog 
Vazhnyi was observed on the 14th day after radiation (0,77 compared with 0,60-0,69 under normal conditions), 
in the dog Aksioma on the 22nd day (2,45 compared with 1,45-1,80) and in the dog Bezdomnyi on the 12th day 
(0,92 compared with 0,80-0,88), This was accompanied by a decrease in the acetylcholine content of the blood 
up to the complete disappearance of that substance, Simultaneously, an inhibition of the motor function of the 
isolated intestinal loop could be observed, This period usually coincided with the terminal period, after which 
the animal perished, 


The data quoted above show that variations in the motor function of the small intestine in acute radia- 
tion sickness can be related to the state of the acetylcholine-cholinesterase system, After exposure to radia- 
tion, the cholinesterase activity of the blood is suppressed; simultaneously the blood leaving the intestine con- 
tains acetylcholine, which normally cannot be found in fasting dogs; at the same time the motor activity of the 
isolated intestinal loop becomes more intensive, And, on the contrary, if the serum cholinesterase activity in- 
creases acetylcholine disappears from the portal blood and the motor function of the isolated intestinal loop 
becomes inhibited, 


The changes in the acetylcholine-cholinesterase system, however, exert — according to our findings 
[10, 11}— no appreciable influence upon the enterokinase and alkaline phosphatase activity in the small in- 
testine, It seems that the disorders in the secretory function of the small intestine established by us after ex- 
posure to ionizing radiation depend on other mechanisms as well, 


The discharge of intestinal enzymes with the stools in the terminal period is connected with the motor 
activity of the intestine, As a rule, increased motor activity of the intestine led to an increase in the quantity 
of enzymes discharged with the stools, In the dog Vazhnyi the enterokinase activity in the stools increased on 
the third day after exposure to radiation from the 150-225 units found under normal conditions to 759 units, and 
the alkaline phosphatase activity increased from 5060-7590 to 37950 units, When the motor function of the in- 
testine became less intensive, smaller quantities of intestinal enzymes entered the stool, 


In the terminal period of radiation sickness, however, the excretion of enzymes with the stools was al- 
ways increased, notwithstanding the fact that the motor function of the intestine was strongly inhibited, This 
fact is at present difficult to explain, We can only voice the assumption that in this period of radiation sickness 
either some processes normally participating in the partial breakdown of intestinal enzymes are disrupted or ex- 
tensive desquamation of the intestinal epithelium takes place, 


SUMMARY 


Thiry-Vella operation and angiostromy of the portal vein were performed in 3 dogs, The secretory and 
motor functions of the small intestine were studied in these animals; the content and the activity of cholines- 
terase in the arterial blood and the blood of the portal vein were investigated as well, After x-ray irradiation 
of dogs in a dose of 400 r the portal vein showed the presence of acetylcholine which is absent in a fasting nor- 
mal animal, The activity of cholinesterase in these conditions has considerably diminished, whereas the motor 
activity increased, Later, with the rise of the cholinesterase activity, acetylcholine was seen to disappear, and 
the motor intestinal function depressed, These facts point to the relationship between disturbed intestinal motor 
function and the changes in the acetylcholine-cholinesterase system, 
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THE INFLUENCE OF DYNAMIC STEREOTYPE CONDITIONED 
FOOD REFLEXES AND NEUROTIC CONDITION ON THE 
CARDIAC RHYTHM AGAINST A BACKGROUND OF 

NORMAL AND DISTURBED CARDIAC ACTIVITY 


B. M. Fedorov 


Laboratory of Infectious Pathology (Dir, - Corr, Member AMS USSR A. Y. 
Alymov) of the Institute of Normal and Pathological Physiology (Dir, — 

Active Member AMS USSR V, V, Parin) AMS USSR, Moscow 
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Translated from Byulleten’ Eksperimental noi Biologii i Meditsiny, Vol, 51, No, 3, 
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Recently, the cardiac components of conditioned food reflexes have begun to attract considerable interest 
among investigators as sensitive indicators of conditioned reflex activity. 


Study of this question is connected with methodological difficulties and is a topic of individual investiga- 
tions conducted on animals with normal hearts [1, 4, 5, 6, 11, 12}, Of particular interest is the question of the 
influence of the functional condition of higher nervous system centers on the cardiac activity of a diseased 
organism, 


In order to produce disturbances of cardiac activity, we have repeatedly used intravenous and intramuscu- 
lar injections of strophanthin, This causes a more consistent derangement in sn - conductivity than 
experimental myocardial infarcts or diphtherial intoxication, 


The primary difficulties encountered in work with conditioned food reflexes on strophanthin-poisoned ani- 
mals were the danger of intoxication to the animal's life, a sharp decline of food excitability, and the occurr- 
ence of vomiting reactions, 


It is known from clinical observations that the cardiac glycosides exhibit a favorable, tranquilizing effect 
on the nervous system, V, M, Bekhterev [3] considered them to be one of the basic, active components of a 
mixture proposed by him, However, in an attempt to trace the active fraction of strophanthin (aglucone of stro- 
phanthidin) on the higher nervous activity of white rats, S, N, Asratian [2] observed a decrease in reflexes, dis- 
turbances in orientation reaction, and refusal to take food even when the dose used was, in his opinion, not toxic 
for the heart, 


We were confronted with a difficult task: to preserve previously developed conditioned food reflexes 
against a background of heavy poisoning with strophanthin, Considering the results of our previous investiga- 
tions [7, 8], we deemed it impossible to work with conditioned food reflexes against the background of increased 
vomiting excitability, However, we also realized that in a number of cases with intravenous injection of stro- 
phanthin it is possible to modify the illness so that disturbances in cardiac rhythm will persist for over four days, 
while the vomiting reactions persist only during the first two days following repeated injections, 
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EXPERIMENTAL METHODS 


The experiments were conducted on three dogs, The food reflexes were developed first, then the animals 
were poisoned with strophanthin, In order to avoid an environmental conditioned reflex with vomiting reaction, 
strophanthin was injected outside the conditioned reflex chamber, 


In the course of experiments with conditioned food reflexes in the chamber, electrocardiogram, respira- 
tion, and saliva flow were recorded at practically all times, 


EXPERIMENTAL RESULTS 


The following positive conditioned reflexes were obtained with dog Greta, with a strong type nervous sys- 
tem (weight 18 kg): tone of 400 db, buzzer and light, differentiation from the tone 800 db (tone +, buzzer, light, 
tone —, tone +), Usually short reflexes (up to 15-18 seconds) were used because prolongation of the isolated 
action of the conditioned stimulus markedly decreases the cardiac components of conditioned food reflexes, 


The positive conditioned motion reaction was well expressed, (When the light was turned on, the dog 
bent its nead to the food pan, When tone + or buzzer were switched on, it licked the food pan,) Conditioned 
reflex salivation reached 4-5 drops in 15 seconds, During the isolated action of conditioned stimuli, the cardiac 
rhythm increased 30 to 40 beats per minute (from 80-90 to 100-120), When the light was turned on, it increased 
10 to 20 beats per minute, The most striking increase in cardiac rhythm (up to 120-140 beats per minute) 
occurred during the first 6-10 seconds following reinforcement,* Differentiation according to secretory indica- 
tors was absolute, Motion reaction was expressed by a turn of the head to the direction of the door, Differentia- 
tion caused only a slight change in the cardiac rhythm, in most cases in the direction of slowing, After a dyna- 
mic stereotype was obtained, the animal was subjected to a disturbance of the cardiac function, 


During a period of 26 days strophanthin was injected 5 times in dosages from 1,4 to 2,2 ml of 0,05% 
solution, 


Fig, 1, Changes in cardiac activity and respiration in the process of conditioned food 
reflex in dog Greta four days after fourth injection of strophanthin, Significance of 
curves (from top to bottom): Respiration, electrocardiogram leads II and If; marks of 
application of conditioned and unconditioned stimuli and salivation in drops; time 
marks (one second), Prior to application of conditioned stimulus, sinus arrhythmia 
and second-degree atrioventricular block is marked with arrows, Following applica- 
tion of conditioned stimulus (I), increase in sinus rhythm and normalization of atrio- 
ventricular conduction, Conditioned reflex salivation — 5 drops (1, v, 3, 4, 5), Fol- 
lowing reinforcement (II), further increase in sinus rhythm, Unconditioned saliva- 
tion (6, 7, 8, etc.). 


Persistent disturbance in the cardiac rhythm were manifested as incomplete second-degree atrioventricu- 
lar block;this stage wasobserved after the fourth injection of strophanthin, The experiments with conditioned 
reflexes were continued during the intervals between the injections (starting with the third day after an injection), 
* The rhythm is indicated in beats per minute, 
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Fig, 2, Changes of cardiac activity and respiration during the process of conditioned 
food refiex in dog Serzh four days after sixth administration of strophanthin, Atrio- 
ventricular block of second degree with periodic omission of ventricular contractions 
prior to application of conditioned stimulus, Improvements in atrioventricular con- 
duction after application of conditioned reflex, Legends are the same as in Fig. 1. 
I) Application of conditioned stimulus; I]) reinforcement; III) termination of con- 
ditioned stimulus. 


Fig, 3, Changes in cardiac activity and respiration under the influence 
of differentiating stimulus in dog Serzh in the same experiment, Dur- 
ing the action of differentiating stimulus, atrioventricular second- de- 

gree block persists, I) Application of differentiating tone; II) termina- 
tion, 


With this background, under the influence of positive conditioned stimuli, an increase in the cardiac rhythm and 
improvement in the atrioventricular conductions were observed, Increase in the rhythm and normalization of 

the atrioventricular conduction were practicularly well expressed, beginning with the fourth day after injection, 
at the time of conditioned stimulus (tone) which followed differentiation (Fig. 1). Differentiation of the back - 
ground of strophanthin poisoning aroused more energetic motor reactions in this dog, then before poisoning. How- 
ever, it was not accompanied by changes in cardiac activity that are characteristic for positive reflexes — increase 
in rhythm and improvement of conductivity. 


The second dog with a strong type nervous system, Serzh (weight 17 kg), responded to the action of posi- 
tive conditioned stimuli only by a turn of his head toward the food pan, Conditioned reflex salivation was at 
the rate of one drop per 10 seconds, 2-3 drops per 15 seconds, During the isolated action of the positive condi- 
tioned reflex, the heart rate increased from 70-80 to 90-100 per minute, respiration from 10-12 to 15-18 per 
minute, 


According to secretory indicators, the differentiation was absolute, During the process of its achievement, 
a difficult condition was observed when the dog whined and tried to tear down the balloon, In a number of in- 
stances this caused a more definite increase in heart rate than positive conditioned reflexes, After the 53rd 
application of the differentiating stimulus, the reaction attained a more stable character; the dog turned away 
from the food pan and the heart rate did not change in most cases, Following achievement of conditioned re- 
flexes, an attempt was made to reproduce arrhythmia, 
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The same dog made it possible to observe the influence of dynamic stereotype on the disturbed rhythm 
of cardiac function against the background of strophanthin poisoning, During a 38-day period, strophanthin 
was injected seven times in a dose of 1,1 to 1.8 ml (0,05% solution), Constant disturbances in the rhythm 
occurred as an incomplete second degree heart block after the sixth injection of strophanthin, The experiments 
with conditioned reflexes between injections were performed only after vomiting had subsided, not sooner than 
the third day after injection, 


Following the sixth and seventh injections, against the background of an incomplete atrioventricular 
second degree block, the positive conditioned stimuli (tone, buzzer, and light) caused conditioned reflex saliva- 
tion, a slight increase in the rate of respiration, increase in the heart rate, and normalization of conduction 
(Fig. 2), Differentiation, which was absolute prior to poisoning, was not disturbed during poisoning, The motion 
reaction to the action of the differential stimulus was maintained negative (turn away from the food pan), Con- 
commitantly, the respiration rate increased slightly, and atrioventricular conduction did not change, a periodic 
omission of ventricular contractions being maintained (Fig, 3), 


The third dog, Irma, a true neurotic, developed a strong biologically negative reaction which obscured 
the previously developed conditioned reflexes, A development of the neurotic condition was observed while 
differentiation was applied, In individual experiments, the dog would stop eating the mixture of meat and 
biscuits, An attempt to place food into the dog's mouth initiated an active defense reaction, However, the 
minute a collar was put on the dog, providing a relative stimulus signifying termination of the experiment, the 
dog's behavior would change markedly and the animal would immediately consume large quantities of food, 
This neurotic condition was accompanied by attacks of marked increase in respiration rate (up to 360 per minute) 
in a majority of cases without or with only a slight increase in cardiac rate, A true tachycardia produced by 
strong positive stimuli was observed only at the height of the neurotic condition, Later, differentiation was dis- 
continued from the stereotype. However, even after this the animal maintained signs of the neurotic condition 
expressed by attacks of tachypnea, principally at the beginning of an experiment and during the action of strong 
stimuli, Small doses of bromine provided no therapeutic effect, 


Of particular interest are the results observed in a 24 hour starvation experiment, performed before ad- 
ministration of strophanthin, Increase in gastric irritability augmented the difficult condition of the animal 


during the experiment, This was accompanied by severe disturbances in the heart rhythm characterized by 
attacks of paroxysmal ventricular tachycardia, 


Some time later, dog Irma was poisoned with strophanthin, Following poisoning it was impossible to 
correlate disturbances in the cardiac rhythm with the essential level of gastric irritability, However, as result 
of administration of strophanthin (during three months, a total of 25 injections in dosages from 1.4 to 2,25 ml 
was given) after a desired level of gastric irritability had been achieved, clear normalization of the respiratory 
components of conditioned food reflexes was demonstrable, 


The experiments permit one to conclude that a neurotic condition alone, without any other interference, 
is capable of causing severe disturbances in cardiac function, expressed as paroxysmal ventricular tachycardia, 
At the basis of this arrhythmia lie adrinergic neural mechanisms [9, 10], which permit differentiation of dis- 
turbances in cardiac rhythm based on a neurotic reaction from alterations in cardiac rhythm connected with 
food reflexes, It was possible to maintain unaltered dynamic stereotype conditioned food reflexes in dogs with 
strong type nervous systems when they were poisoned with strophanthin, 


Positive conditioned reflexes exert a normalizing influence on atrioventricular conduction against a back- 
ground of disturbed cardiac function, This influence is weaker than the previously described influence of vomit- 
ing reflexes, However, it could be of interest in appraising the importance of dynamic stereotype physiological 
reflexes as a factor providing a tone for a diseased organism and its cardiac function, 


SUMMARY 


Neurotic condition of the animal provokes changes of respiration and cardiac activity rhythm with the 
appearance of severe disturbances in the latter in the form of paroxysms of tachycardia, Against the back- 
ground of strophanthin poisoning and marked derangement of the cardiac activity it is possible to preserve in- 
tact the dynamic stererotype of conditioned food reflexes in dogs with a strong type of the nervous system, Posi- 
tive conditioned reflexes produce a normalizing effect on the atrioventricular conductivity, This is of interest 
for evaluation of the significance of dynamic stereotype as a factor normalizing the sick organism and its cardiac 
activity, 
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NERVOUS SYSTEM AND SOME PROBLEMS IN THE 
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Translated from Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol, 51, No, 3, 
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The data in the literature on the advancement of tetanus toxin along nerve trunks to the region of the 
central nervous system are rather contradictory, Although many authors regard this pathway as the basic mode 
of entrance of the toxin into the central nervous system [1, 14, 15, 18, 20, 21, 23-27], a number of investigators 
categorically reject the very possibility, as well as the importance, of movement of the toxin along a nerve in 
the mechanisms of the illness’ development [11, 12, 21], In addition to this, the opinion exists [17] that the 
toxin can enter the nerve passively, by means of simple impregnation of the nerve trunks from the depot at the 
site of its administration or formation, The controversy in the published data on this problem is made more 
difficult by the differing conditions in the investigative methods of the various authors, by the tendency to draw 
wide conclusions on the basis of results from experiments performed on some individual species of animals, by 
a definite artificiality in the basic forms of the experiments (for example, the introduction of the toxin directly 
into a nerve, bypassing the peripheral tissue), and sometimes also by defects in the methods (survey see [12]), 


In a previous work [8] we showed that introduction of tetanus toxin into white rats by injection into the 
muscles of previously deafferentiated extremities, with simultaneous blockade of the vascular routs of toxin 
dissemination by the use of tetanus antitoxin, results in the development of an initially local, and subsequently 
generalized, ascending tetanus, Inasmuch as the possibility of toxin dissemination via the blood was excluded 
in these experiments by the presence of antitoxin in the blood, the development of the illness could not be re- 
lated to the toxin’s gaining access to the central nervous system by means of the vascular system, In addition 
the injection of toxin into the muscles of the deafferentiated extremity under the same conditions of blockade 
of the vascular routes by antitoxin did not cause any of the characteristics of the illness, The results of these 
experiments, coinciding with comparable data of other authors [18], made it possible to postulate that the basic 
route of advance of tetanus toxin in the development of ascending tetanus is via the anterior roots of the spinal 
cord which provide the motor innervation of the muscles that were injected with the toxin, 


This hypothesis, however, required direct proof, There are no indications in the literature of the possi- 
bility of demonstrating tetanus toxin in the spinal cord roots, Authors that have studied the question of the role 
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of nerve trunks as possible conductors of the toxin have limited their investigations to only peripheral nerves 
[10, 14, 15, 16, 20, 21, 23, 24, 26). 


All the foregoing induced us to undertake systematic investigations on one of the basic questions in the 
pathogenesis of tetanus — the question of the routes of entry of tetanus toxin into the central nervous system, 
For its elucidation it was also necessary to study the mechanisms of action of the toxin, We felt it was import- 
ant to perform the investigation on a comparative level, with the use of animals of varying species, since the 
clinical forms of the illness are not uniform in different animals, and this difference might be related to charac- 
teristics of the routes of advancement and mechanisms of action of the toxin in the different animals, In order 
to study these questions on a comparative level it was necessary to obtain supplementary data for elucidation 
of the basic principles in the development of the illness, and, to a certain degree, to aid in descriminating be- 
tween the contradictions which abound in the literature on the pathogenesis of tetanus, In this work we present 
the results of experiments carried out for the purpose of studying the aforementioned questions in albino rats — 
the animals in which those previous investigations were performed [8] which have served as the starting point 
for this project, 


EXPERIMENTAL METHOD 


The experiments were carried out on animals 200-230 g in weight. A glycerine solution of dried tetanus 
toxin (series 587 of the IEM of the Akad, Med, Nauk, SSSR) was diluted with physiological saline so that 0,15- 
0,2 ml contained 10-15 DLM for rats, This dose was introduced into the muscles of the left lower leg (anterior 
and posterior groups) by one or serveral injections, The latter means of toxin injection was adopted for the pur- 
pose of simultaneous involvement in the process of as large a number of muscles as possible, and thus, of the 
corresponding nerve conductors which enter into the composition of the sciatic nerve, At various intervals fol- 
lowing injection of the toxin the animals were sacrificed by exsanguination, For the investigation, we then took 
the sciatic nerves, spinal ganglia, posterior and anterior roots related to the sciatic nerve (Lg and Lg), on both the 
side of toxin injection and the opposite side, In order to obtain an adequate amount of material for investigation 
in the experiment we simultaneously used 6-10 rats, The most distal portion of the sicatic nerve was excluded 
from the sample, i.e., the portion surrounded by the fatty tissue of the popliteal fossa, since, as has been shown 
experimentally, in this part the toxin may enter immediately after injection, apparently by passive means, In 
determining the rate of advancement of the toxin along the nerve conductors, the sciatic nerve, minus its most 
distal portion, was divided into three parts, The branches constituting the lumbar plexus entered into the upper 
part; the anterior roots were divided into two portions, A 1% solution of peptone (for better preservation of the 
toxin) was added to the material to be investigated, on the basis of 0,1 ml of the peptone solution per 10 mg of 
tissue, The tissue was ground up under refrigerated conditions, using a glass homogenizer, Antibiotics (penicillin 
and streptomycin) were added to the homogenate to prevent bacterial contamination, and the suspension was in- 
jected into mice, 16-18 g in weight, in the muscles of the left posterior extremity, The amount of toxin con- 
tained in the homogenate was evaluated by the degree to which the mice were stricken with tetanus, Serum 
from the rats, taken at the time they were bled, was titered by the standard method, 


At the same time that we determined the toxin in the nerves and roots, we performed special experiments 
on a portion of the animals, investigating the electrical activity of the left and right gastrocnemius muscles 
every 3 hours following the moment of injection of the toxin into the left gastrocnemius, The muscle biopo- 
tentials were drawn off by concentrated needle electrodes, Amplification and recording were performed with 
the aid of a cathode electromyograph of the “Diza-elektronik" type. 


EXPERIMENTAL RESULTS 


As can be seen from Table 1, significant amounts of tetanus toxin could be observed in the sciatic nerve 
of the injection side in all the experiments without exception, The same was true for those anterior roots of the 
spinal cord related to the sciatic nerve and on the same side as the toxin injection, In addition, there was no 
toxin either in the nerves or in the roots of the opposite side, This is evidence that its presence in the nerves 
and roots on the side of the injection is not related to vascular dissemination, but rather to the advancement of 
the toxin from the muscles along the nerve trunks, Attention is merited the fact that the anterior roots contained 
more toxin that the sciatic nerve if figured on a weight basis, This may be explained by the presence of forma- 
tions in the nerve trunk which are not related to the transport of toxin or are able to do so in very small amounts, 
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TABLE 2 


Tetanus Toxin Content in Various Sections of the Spinal Cord Roots and the Sciatic 
Nerve of Albino Rats at Different Time Intervals Following the Injection of Toxin into 
the Muscles of the Lower Leg 


| 


re Experiment No, 
2 
Material investigated ak 3 on be oa 
$3 
336 
Lower third 3 39 40 
6 35 EX, 40 _ Exe 
9 39 40 Ex,, EXe 
12 36 Ex7, Ex, 40 | +4+++4+ Ex, 


Middle third 


Sciatic 
nerve 


33 40 Exs, Ex, 


Upper third 


Distal portion | 3 26 _— 19 we 
6 22 24 
9 24 ++ 24 ++ 
Anterior | 12 21 EX, 25 
roots 
Proximal | 3 | 22 _ 17 — 
6 22 -- 20 
9 22 + 24 
12 19 Ex, 25 
| 
Concentration of toxin | 3 >1 DLM/ml 2 DLM/ml 
; 6 >6 » 4 » 
in the serum | 9 6 4 
| 6 » n/d 


Note: Arbitrary symbols are the same as in Table 1, 


The results of the experiment justify concluding that the epineuria and its lymphatic pathways are not the 
formations which secure the advancement of toxin to the spinal cord, since the roots are devoid of this covering 
and do not bear lymphatic vessels and nevertheless the greatest amount of toxin is specifically noted in these 
roots, As far as the presence of toxin in the spinal ganglia on the side of the injection, its entry here may be 
explained by advancement either along bundles of sensory fibers or along the lymphatic pathways of the nerve, 


The question of the toxin’s pathways of access to the spinal ganglia, however, remains open and demands 
special investigations, Our further investigations (the data of which will be the subject of a special report) 
showed, in particular, that in animals of certain species (for example, in dogs, donkeys, etc,) the toxin finds it 
way to the ganglia mainly from the blood, Apparently, the specific importance of the different pathways of the 
toxins entry into the spinal ganglia varies for different animals, 


The data presented also indicates that the posterior roots are in no way an essential pathway for the entry 
of the toxin into the spinal cord: we were unable to detect determinable amounts of toxin in the posterior roots 
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0.5 sec 


0.5 sec 


Electrical activity in the left and right gastrocnemius muscles of rats at different time 
intervals following the injection of toxin into the left gastrocnemius muscle, a) Back- 
ground activity (in the resting state of the animal); b) background activity and activity 
during and after a provoked general motor reaction, Key: 1) rt,; 2)1t.; 3) 3 hours; 4) 

6 hours; 5) 9 hours; 6) 50 microvolts; 7) 12 hours; 8) 15 hours; 9) 150 microvolts; 10) 
18 hours; 11) 75 microvolts, 


of the albino rats in a single case, The possibility has not been excluded that the spinal ganglia can act as a 
unique barrier in the pathway of the toxin's progress along afferent nerve fibers (if this movement takes place), 


Finally, there is still another result of these experiments which demands attention; the presence of toxin 
not only in the sciatic nerve, but in other nerves of the extremity as well, e, g., the femoral, Inasmuch as the 
toxin did not find its way into other nerves via the blood, it must be postulated that it arrived here as a result 
of penetration from the injection site into neighboring muscles, It is possible that the overlap in the innervation 
zones of the separate nerves in the extremity may have a certain importance here, 


Thus, the data of the experiments performed completely coincides with the results of our previous in- 
vestigations [8] and serves as direct proof that the anterior roots of the spinal cord are a fundamental passage 
route of the toxin from the muscles to the spinal cord, 
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Having obtained these data, we decided to compare the time interval for the entrance of tetanus toxin 
into the spinal cord with the times of the appearance of the first signs of change in the electrical activity of 
the muscles, this being one of the characteristic signs of local tetanus [1-4, 6-9, 13, 16, 27]. 


As can be seen from Table 2, within 6 hours after injection into the gastrocnemius muscle the toxin 
could be observed throughout the entire length of the nerve, but, as a rule, was absent from the anterior roots, 
After 9 hours it could already be demonstrated in both halves of the anterior roots, but in greater amounts in 
the lower (distal) half, After 12 hours the amount of toxin was very high in the distal as well as the proximal 
portions of the anterior roots, Thus, 9 hours after injection into the gastrocnemius muscle the toxin had already 
reached the anterior horns of the spinal cord, 


The pictures of the electrical activity (EA) are presented in the figure for the left and right gastrocnemius 
muscles at the indicated intervals following the toxin injection, Three to six hours after the injection the charac- 
ter of the EA was unchanged; the initial background of the EA in the left gastrocnemius muscle was the same as 
in the right (see figure, a), A general motor reaction of the animal was accompanied by short-duration bursts 
of activity in both muscles, which disappeared after cessation of the general reaction (see figure, b), After 9 
hours, as rule, it was possible to observe changes in the EA of the left gastrocnemius muscle; after a general 
motor reaction the burst did not disappear immediately, but was followed by additional activity that varied in 
length in the different cases, Sometimes this activity lasted comparatively long, as a result of which it acted 
like the initial background, After 12 hours this “after-activity* increased in strength and became so prolonged 
that one could consider the background activity as “spontaneous” activity, a form described by a number of 
authors [1-4, 6-9, 16, 27], Against this background the general motor reaction manifested an intense fulminant 
activity in the *tetanic® muscle, As this time the appearance of the first clinical signs of the illness could 
also be noted, in the form of a small elevation in the extensor tonus, 


As can be seen from the presented data, the appearance of the first signs of changes in the EA coincided 
in time with the intervals at which the toxin gained access to the spinal cord, In a series of experiments in- 
volving more detailed investigations of these parameters, it was possible to note changes in the EA within the 
“tetanic” muscle 7-8 hours after the injection of toxin, and, at that same time, to detect small amounts of the 
toxin in the proximal portions of the anterior roots, 


Thus, a change in the character of the EA for a muscle that has been injected with toxin only occurs after 
the entrance of the toxin into the spinal cord, Despite the fact that the toxin is found in the muscle for several 
hours, the EA of that muscle does not change if the toxin does not reach the spinal cord, As far as the first 
clinical signs of the illness are concerned, they are seen to follow the change in the EA, 


The data of these experiments bear evidence that development of local tetanus, with all its accompany- 
ing phenomena (change in the EA and tonus of the muscles), is related to the action of tetanus toxin on central 
nervous formations, This conclusion is in agreement with the impressions of other authors [1, 16, 17, 20, 21, 
25, 27], and justifies repudiating the point of view that local tetanus is a result of the peripheral action of teta- 
nus toxin only on the myoneural synapse or directly on the muscle tissue [11, 12, 19), 


SUMMARY 


As shown in experiments on albino rats, the principal route of entry into the spinal cord for tetanus toxin 
is through anterior roots, Apart from the latter, the toxin is detected in the nerves of extremity and spinal gang- 
lia on the side of toxin administration, The toxin was undetectable in the posterior roots, and could not be re- 
vealed in the nerves, ganglia and roots of the contralateral side, after injecting it in a dose of 10-15 DLM. The 
data obtained coincide with the results of previous itivestigations, Both demonstrated that only preliminary de- 
afferentation (as distinct from deafferentation) of the extremity, into the muscles of which the toxin was injected, 
prevented the development of general tetanus with the circulatory path of the toxin spread blocked by means of 
tetanus antiserum, The changes in the electric activity of the muscle (EA) into which the toxin was injected 
were examined at various intervals after its administration, As demonstrated, the changes in the EA occur only 
after the toxin reaches the anterior horns of the spinal cord, No changes in the EA were noted prior to this period, 
even with the toxin present in the muscle for several hours, 


The results of the above-mentioned investigations confirm former conclusions and are in accordance with 
the inferences of other authors, namely that the main pathogenetic mechanism involved in the development 
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of local and general tetanus is the central and not the peripheral action of the toxin, The possible routes of 
toxin progress along the nerve are discussed, 
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THE MECHANISM OF CORTISONE'S EFFECT OF HYPERTHERMIA 
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Since steroid horomones are widely used to reat collagenoses and many other diseases, detailed study of 
the mechanism of their effect on the organism is required, This mechanism is still inadequately understood, 
however, in many respects, For example, the pronounced antipyrogenic effect of cortisone (and ACTH, the 
adrenocorticotropic hormone) in various febrile affections is well known [14, 16, 17], This observation is cor- 
roborated by experimenta! investigations demonstrating that both cortisone and ACTH reduce the fever reaction 
induced by various bacterial antigens [8, 10, 13, 15}, 


However, the mechanism of the antipyrogenic effect of these hormones is not yet clear, There are hypo- 
theses to the effect that ACTH either directly changes the activity of the thermoregulator centers [13] or acts 
indirectly by liberating adrenal cortical hormones of the gluco-corticoid series [8], which is borne out by the 
fact of cortisone's antipyrogenic effect, The latter is either associated with inhibition of the inflammatory 
reaction which causes the fever or with a direct effect on the central nervous system [15], 


This question, however, has not been specifically investigated, 


The purpose of this work was to determine whether an inhibitory influence on the thermoregulator centers 
is part of the mechanism of cortisone's antipyrogenic effect. 


EXPERIMENTAL METHODS 


All the experiments were performed on rabbits weighing 2,2-2,8 kg each, We used 2,4-dinitrophenol 
(DNP) in a dose of 20 mg/kg as the pyrogenic factor, Cortisone (Adreson) was injected intramuscularly in a 

dose of 25 mg in 1 ml of fluid, The temperature was determined three times before the injection at half hour 
intervals, The average of these determinations was taken as the original level, Then the injections were ad- 
ministered, Some rabbits were given 1 ml of a physioligical solution free of pyrogenic ingredients, intramus- 
cularly administered, and DNP intravenously administered; others received cortisone and DNP, In all the ex- 
periments, the temperature was determined 30, 60 and 90 min and 2, 3, 4, 5 and 6 hrs after the injections, In 
order to compare the temperature reactions, we determined the hyperthermic index in the plainimetric units, 
We used a mark PP-2k planimeter to measure the area between the temperature curve and a horizontal line 

drawn from the original temperature, 


EXPERIMENTAL RESULTS 


DNP is known to have a peripheral effect which intensifies the oxidizing processes in the tissues consider- 
ably and paralyzes the associated phosphorylation (2-5, 7], This creates a large amount of heat in the tissues, 
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and the activity of the thermoregulator center is directed towards the liberation of the surplus heat from the 
organism [1]. Therefore, if cortisone is proposed to have an inhibitory effect on the activity of the thermo- 
regulator centers, the administration of cortisone would increase rather than reduce the hyperthermic reaction, 


The ten rabbits used in the first series of experiments were divided into two groups according to weight, 
The rabbits of the first group were each given 1 ml intramuscularly of a physiological solution and an intra- 
venous injection of a DNP solution in a dose of 20 mg/kg, The hyperthermic reaction developed rapidly, With- 
in an hour, we observed a considerable rise of temperature; the temperature was highest during the first three 
hours, after which it fell rapidly, The other group of rabbits received cortisone, injected in a dose of 25 mg, 
before the DNP injection, The hyperthermic reaction developed rapidly in these rabbits also, but it was less 
intense, and there was not the same sharp, peak-like rise of temperature, Table 1 shows the relative intensity 
of the hyperthermic reactions in the two groups of rabbits, 


TABLE 1 TABLE 2 


Hyperthermic Index of Rabbits Given DNP Hyperthermic Index of Thyroidectomized 
Alone and with Cortisone Rabbits Given DNP Alone and with Cortisone 


Cortisone + DNP Cortisone + DNP 


+596 
+1,086 
+1,468 
+970 
+1,053 


The figure shows the arithmetic mean intensity of 
hyperthermic reactions in the two groups of animals, Sta- 
tistical processing proved the difference in the arithmetic 
means to be over 95% reliable, It was therefore estab- 
lished that cortisone has a restrictive influence on the de- 
velopment of dinitrophenol hyperthermia, 


This fact would seem to contradict out hypothesis, 
There are literature data, however, which indicate that 
the effect of DNP is considerably enhanced by thyroxin (6, 
9}. Cortisone inhibits the thyroid gland function and re- 
duces the formation of endogenous thyroxin (11, 12], which 
could in turn decrease the intensity of DNP's effect, 


Zoinghkg} 2 . In order to prove this hypothesis, we conducted a 


Rood, second series of experiments on ten thyroidectomized ani- 
mals 6 and 12 days after the operation, Just as in the 
preceding series, one group of rabbits was given a phys- 
iological solution intramuscularly and then DNP intra- 
venously, and the other group of rabbits received cortisone 
before the DNP, A mild hyperthermic reaction was ob- 
served in both groups, The temperature rise was not pinnacle-like, as in the healthy animals, but was some- 
what slower, with considerable up and down fluctuations, However, the hyperthermic reaction was clearly more 
intense in the group of rabbits which had received the cortisone (Table 2), 


Arithmetic mean intensity of hyperthermic re- 
action in control (a) and thyroidectomized (b) 
rabbits, 


The figure shows the arithmetic mean intensity of the hyperthermic reactions in the two groups of thyroi- 
dectomized animals, Statistical processing showed the difference in the arithmetic means to be more than 95% 
reliable, It is therefore clear that, under these experimental conditions, the administration of cortisone inhibited 
heat emission, so that the hyperthermic reaction was greater in the animals given cortisone than in the thyroi- 
dectomized animals given DNP alone, 
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To prove conclusively our hypothesis that cortisone inhibits the thermoregulator centers, we decided to 
exclude the possibility that cortisone might itself be, like thyroxin, a condition promoting intensification of 
DNP's effect by acting on peripheral mechanisms of some kind, For this purpose, we performed a third series 
of experiments on thyroidectomized animals, using the same method as in the second series except that the 
DNP dose was increased to 25 mg/kg. If cortisone were, like thyroxin, necessary for the development of the 
DNP effect, the experimental results should be similar to the picture observed in the second series, If, however, 
cortisone had an inhibitory effect on the thermoregulator centers, the increased thermogenesis in the tissues 
should have a stronger stimulating effect on the thermoregulator centers, diminishing the inhibitory effect of 
cortisone, In the second case, there should not be much difference between the hyperthermic reactions of the 
rabbits given DNP alone and those of the animals given cortisone and DNP, The actual results of the experi- 
ments showed no difference in the intensity of the hyperthermic reactions and therefore confirmed our hypothesis, 


The data obtained indicate that cortisone has a direct inhibitory effect on the thermoregulator centers of 
rabbits with dinitrophenol hyperthermia, This effect is evident when DNP is administered in small doses, With 
larger doses of DNP, this effect is nullified by the stronger stimulating effect on the thermoregulator centers 
resulting from the intensified thermogenesis, In healthy animals, these effects are masked by partial inhibition 


of the thyroid gland function, 


SUMMARY 


The paper deals with the study of the mechanism of antipyrogenic action exerted by cortisone in dinitro- 
phenol hyperthermia, The author proceeded from the fact that dinitrophenol hyperthermia is connected with a 
considerable intensification of the oxidative processes in the tissues, while the activity of the thermoregulating 
centers is directed towards discharge of heat from the body, If cortisone depresses the condition of these centers, 
hyperthermia would be more pronounced against the background of its action, However, cortison administra- 
tion in a dose of 25 mg leads to the reduction of the hyperthermia intensity in rabbits in comparison with con- 
trols, Since the action of dinitrophenol is intensified by thyrotoxin, whereas cortisone reduces the production 
of the latter, experiments were staged on thyroidectomized rabbits, Hyperthermia was intensified in these ani- 
mals by cortisone administration, Hence the antipyrogenic effect of cortisone tends to remove its depressing 


effect on the thermoregulating centers, 
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Researchers studying the effect of a convulsive attack on diuresis have used Pyramidon [3], camphor [1], 
Corazol [2], electric current [1, 4], etc,, as convulsivants, 


The variety of methods which have been employed leads one to wonder whether the nature and degree of 


> 
d the diuretic changes which have been observed depend solely on the convulsive attack or whether the diuretic 

~ « changes depend to some extent on the type of agent used to provoke convulsions, 

} a To answer this question, we decided to study the diuretic changes which occur under conditions of chronic 

_ P: experiments with convulsions induced by various methods in dogs with ureters exposed through a section in the 
‘ay anterior abdominal wall according to the method of Orbeli and Pavlov, 


EXPERIMENTAL METHODS 


Convulsions were induced by Pyramidon (0,05 g of the substance per 1 kg weight intravenously injected 
in a 4% solution), an ether-camphor mixture (1,5 ml intravenously) and alternating 100-110 volt electric cur- 
rent passed through the animal's head for 1-2 seconds, The convulsive attack was reproduced on a background 
of high diuresis induced by the introduction of water into the dog's stomach through a probe (50 ml per 1 kg 

weight), The urine was collected at 15 minute intervals, 


EXPERIMENTAL RESULTS 


The nature and phasic course (tonic, clonic and "running in place") were the with all the agents used, the 


7 a strongest and most lasting convulsions being those induced by camphor and Pyramidon, The convulsive attacks 
a induced by the alternating electric current were milder and of shorter duration than those induced by the pharm- 
acological agents, 
% The use of camphor and Corazol over a long period did not lead to any reduction in the strength of the ‘ 
F a convulsive attack or any change in its phasic course, A different picture was observed in the case of the Pyra- 
‘ midon injections, When injected for the third and fourth times within a period of one to two months, Pyramidon a 
a ceased to induce a convulsive attack, even when a double dose of the solution was administered or when its con- a 
centration was increased to 10%, 
4 = 
a All the experimental convulsivants inhibited diuresis up to complete anuria for 5-20 min, after which 
a diuresis began to increase, approximating the original after 45-60 min (see figure, a), The diuretic inhibition 5 


observed depended in degree and duration on the strength of the convulsive attack; the greatest inhibition of 
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Water-milk 


Amount of urine (in ml) 
Water-milk 


Amount of urine (in ml) 
Amount of urine (in ml) 
-— Water-milk 
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Change in water diuresis in dogs following administration of Pyramidon in convul- 
sive doses, a) March 8, 1958 experiment (convulsions developed); b) March 16, 
1958 experiment (no convulsions); c) March 25, 1958 experiment (no convulsions), 
Arrow (|) shows injection of Pyramidon solution, 


diuresis was observed during the convulsions induced by camphor, Pyramidon and Corazol, Diuretic inhibition 
was less pronounced during the convulsive attack provoked by the electric:current, The diuretic inhibition ob- 
served in the experiments in which Pyramidon failed to induce convulsions was slight and variable (see figure, 
b, c), The hydration level of the organism can be regarded as the second factor determining the duration and 

degree of diuretic inhibition, A high degree of hydration in the animal evidently prevents diuretic inhibition, 


By chance, one of the dogs in our laboratory provided full corroboration of the experimental results ob- 
tained, For no apparent reason, this dog developed periodic epileptiform convulsive attacks, although no con- 


vulsivants had been previously administered to this dog (the animal evidently suffered from some kind of brain 
disease), During the experimentation on this dog, it developed a typical convulsive attack, thus enabling us to 
trace the changes occurring in diuresis during spontaneous convulsions, This established that experimentally 
induced convulsions are identical to the convulsions which develop spontaneously under conditions of brain 
disease, and that the changes in diuresis are determined only by the strength and duration of the convulsive 
attach and the original level of diuresis, not by the agent used to induce the convulsions, 


SUMMARY 


A study was made of the effect on diuresis of spasmodic attacks, provoked by various methods, To induce 
these, substances differing by their chemical nature and pharmacological action were used (camphor, Corazol, 
Pyramidon), along with electric current, 


As established, camphor and Corazol lead to a strong prolonged spasmodic attack, since no habituation to 
these preparations develops, Although Pyramidon is capable of inducing a spasmodic attack of adequate length 
and strength, it is not very useful in chronic experiments, since habituation to this drug is rather rapid, Spas- 
modic attacks provoked by electric current passed through the animal's head are somewhat less strong and pro- 
longed in comparison with the convulsion caused by pharmacological agents, 


Thus, the character of diuretic changes occurring in spasmodic attack does not depend on the agent pro- 
voking the convulsions; inhibition of diuresis was observed in all of the experiments, The duration and the 
depth of this inhibition depended on the strength of convulsive attack and the initial diuresis background, 
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BIOCHEMISTRY AND BIOPHYSICS 


RESPIRATION AND RESPIRATORY CHAIN PHOSPHORYLATION 
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MUSCLE DURING EXPERIMENTALLY INDUCED MYOCARDITIS 
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The process of oxidative phosphorylation has considerable significance for the normal activity of cardiac 
muscle, in that it leads to the accumulation of high-energy phosphate bonds in the form of adenosine triphos- 
phate, Inhibition of tissue respiration disrupts the activity of the heart by slowing down the resynthesis of adeno- 
sine triphosphate [7]. 


The results of biochemical investigations, devoted to studying the processes of respiration and respiratory 
chain phosphorylation in cardiac muscle during various pathological states of the heart, are not unequivocal, 
For example, it was observed that the rate of oxidative phosphorylation in cardiac muscle does not decrease 
during diphtheria toxicosis [5] or thyrotoxicosis [6], On the other hand, during myocarditis arising as a result of 
adrenaline injections, a decreasé in oxidation-reduction reactions in the heart [4] and weakening of respiratory 
chain phosphorylation [3] were noted, 


In the present investigation, the processes of respiration and respiratory chain phosphorylation in the tissue 
of rabbit cardiac muscle were studied during experimentally induced mycarditis, 


EXPERIMENTAL METHODS 


As experimental animals we chose male rabbits, weighing 2-2,5 kg. Myocarditis was produced in the ani- 
mals by injecting a 1% solution of theophylline (20 mg per kg body weight), followed after two minutes by an 
injection of 0,2 ml of a 0,1% solution of adrenaline, 


The processes of respiration and respiratory chain phosphorylation were studied in homogenates of cardiac 
muscle on the third or fourth day after injection of theophylline and adrenaline,* Experimental techniques did 
not differ from those used in a previous iuvestigation [2], 


The added respiratory substrates were pyruvic, «-ketoglutaric, succinic, malic, citric, and 6-hydroxy- 
butyric acids, The terminal concentration of these acids in the incubation tube was 0,025 M, 


To isolate the mitochondria of cardiac muscle (after perfusion with cool 0,15 M KCI solution), the tissue 
was cut up with scissors and homogenized in the cold in two volumes of 0,25 M sucrose solution with 0,001 M 
ethylenediaminetetraacetate, and the pH of the solution was brought to 7,4 with 2 N KOH, After homogenizing 


* From histological evidence, the characteristic changes of myocarditis are already detectable on the third day 
after injection of these compounds, 
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for 30 seconds, seven more volumes of the same solution were added to the minced tissue, and afte filtration 
through several layers of gauze, the homogenate was fractionated into cellular components by diffexential cen- 
trifugation in the cold, 


Mitochondria, isolated at 7000 g, were subjected to a single rinse, 


The isolated mitochondria were suspended in a 0,25 M sucrose solution at pH 7,4, A quantity of sucrose 
solution equal to the original weight of cardiac muscle was used, The mitochondrial suspension was rapidly 
poured out into Warburg vessels, Each vessel contained 1 ml of incubation mixture, consisting of 0,5 ml of 
mitochondrial suspension (corresponding to 0,9-1.2 mg of protein nitrogen), 0.3 ml of buffer solution, 0,1 ml 
of sucrose solution (0,25 M) with respiratory substrate, and 0,1 ml of hexokinase solution, The concentrations 
of the various components in the buffer solution (pH 7,4) were: KgHPQ,, 3+ 107 M; MgsO,, 1,5+107 M; adeno- 
sine triphosphate, 6+ 107° M; glucose, 5° 10% M, The respiratory substrates were -ketoglutaric acid (along 
with malonic acid), succinic acid, and 8-hydroxybutyric acid, The terminal concentration of these acids in 
the incubation tube was the same as in the experiments with homogenates, Hexokinase was obtained from yeast 


[9]. 


Experiments with mitochondria were conducted under an atmosphere of air, and oxygen absorption was 
measured in the Warburg apparatus, Incubation was carried out at 26° for 18 minutes, After incubation, in- 
organic phosphate [8] was determined in experiments with mitochondria, while inorganic phosphate and creatine 
phosphate [1] were determined in experiments with homogenates, 


The rate of phosphorylation was computed from the disappearance of inorganic phosphate and formation 
of creatine phosphate, The quantity of protein in the incubation tubes was determined by the biuret reaction, 


EXPERIMENTAL RESULTS 


Figure 1 depicts results describing the rate of respiration and respiratory chain phosphorylation in homo- 
genates of rabbit cardiac muscle under normal conditions and during experimentally induced myocarditis, 
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It is apparent that in the presence of endogenous substrates, 
respiration and phosphorylation are practically the same during myo- 
carditis as under normal conditions, but when components of the tri- 
carboxylic acid cycle are added to the medium, the rate of these 
processes decreases during myocarditis, 


Since respiration and phosphorylation decrease proportionately, 
the P:O ratio remains the same as under normal conditions, 


It should be noted that not only under normal conditions but 
also during myocarditis only 50-60% of the inorganic phosphate 
a-Ketog- B-Hydroxy- Succinic taken up from the medium appeared in the form of creatine phos- 
44 iutaric butvric acid phate, Moreover, under normal conditions a small part of the in- 
acid acid organic phosphate that disappeared was found in the form of fructose 
diphosphate, which could not be detected during myocarditis, 


Fig. 2, Respiration and respiratory 


chain phosphorylation in mitochon- In the presence of added respiratory substrates, uptake of in- 
dria of rabbit cardiac muscle under organic phosphate during myocarditis differed much more from the 
normal conditions (N) and during norm than did the formation of creatine phosphate, probably be- 
myocarditis (M), 40,2) Oxygen ab- cause creatine phosphate is formed more rapidly than other phospho- 
sorption (in micromoles); SP) bind- rus compounds during myocarditis, 


ing of inorganic phosphate (in micro- 
moles), Black columns give P: O 
ratio, 


For further study of respiration and respiratory chain phos- 
phorylation in cardiac muscle during myocarditis, experiments were 
continued on isolated mitochondria, 


Figure 2 depicts results concerning the rate of respiration and respiratory chain phosphorylation (in the 
presence of various respiratory substrates) in mitochondria of rabbit cardiac muscle under normal conditions 
and during experimental myocarditis, It is evident that the rate of these processes in mitochondria decreases 
during myocarditis, When a -ketoglutaric acid is being oxidized, the rate of respiration as well as of phos- 
phorylation decreases by 50%, in comparison with the normal, Because the rate of both processes decreases 
proportionately, the P: O ratio remains the same as under normal conditions, When 8-hydroxybutyric acid is 
being oxidized, the rate of these processes decreases by 26% during myocarditis, but, just as in the case of 
a-ketoglutarate, the P: O ratio remains the same as under normal conditions, When succinic acid is being 
oxidized, an insignificant (~14%) decrease in the rate of respiration and phosphorylation is observed, without 
a change in the P;O ratio, 


The results obtained from homogenates indicate that the rate of respiratory processes and formation of 
energy-rich phosphate compounds in the presence of endogenous respiratory substrates does not decrease in 
cardiac muscle during myocarditis, When the concentration of these substrates is increased by adding compo- 
nents of the tricarboxylic acid cycle to the medium, cardiac muscle makes less use of added substrate during 
myocarditis than under normal conditions, resulting in a lowered rate of oxygen absorption and associated res- 
piratory chain phosphorylation, 


Results obtained from mitochondria of cardiac muscle during myocarditis support this conclusion, As a 
result of proportional decreases in the rates of both processes, the values of the P:O ratio remain the same dur- 
ing myocarditis as under normal conditions, 


The decreased rate of oxidation of «-ketoglutaric acid and 8 -hydroxybutyric acid provides a basis for 
supposing that during myocarditis, damage occurs to the dehydrogenase system connected with diphosphopyridine 
nucleotide in the heart, The greater decrease in the rate of oxidation of «-ketoglutaric acid is probably con- 
nected with the lower content of free and total thiamine in cardiac muscle during experimentally induced 
myocarditis [4], As is well known, thiamine pyrophosphate, like diphosphopyridine nucleotide, is a cotaponent 
part of the dehydrogenase for « -ketoglutaric acid, 


The insignificant decrease in oxidation of succinic acid may be interpreted as a consequence of the in- 
significant change in the system of flavinoid enzymes and the cytochrome part of the respiratory chain, 
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SUMMARY 


In experimental myocarditis provoked in rabbits by intravenous injection of adrenaline and theophylline, 
the intensity of the respiratory processes and associated phosphorylation decreased in the homogenates of cardiac 
muscle and isolated mitochondria in the presence of respiratory substrates added to the medium, Reduction of 
respiratory intensity and of phosphorylation occurs gradually and evenly, the value of P: O coefficient in myo- 
carditis thus equalling that in normal conditions, Experiments with mitochondria show that the system connected 
with the oxidation of the a -ketoglutaric acid is the one to be most markedly disturbed in myocarditis, 
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Among the various kinds of injury that appear in animals after exposure to ionizing radiation at certain 
doses, hemorrhage into different parts of the organism is a frequent symptom, On the basis of results in the 
literature [2, 3], one might suppose that damage to the integrity of blood vessel walls is among the principal 
causes for the development of hemorrhages, 


At present there is experimental evidence suggesting that during hemorrhagic conditions in the organism, 
particularly in vessel Walls, the metabolism of the intracellular substance of connective tissue is impaired [6, 
7, 9}. Ascorbic acid has considerable significance for maintaining the integrity of the intracellular substance 
(7, 9}. 


Earler we [5] obtained results on guinea pigs, suggesting that in the aortic tissue of animals without the 
ability to synthesize ascorbic acid (AA), the development of acute radiation sickness leads to significant in- 
terference in ascorbic acid metabolism, expressed as a decrease in AA concentration and a sharp increase in 
the concentration of the product of its reversible oxidation, dehydroascorbic acid (DAA), One of the factors 
affecting the decrease in AA concentration and rise in DAA content in tissues of the organism might be a 
lowered ability of tissue to reduce DAA, 


It has been proved that the ability of some tissues to reduce DAA decreases during a number of pathologi- 
cal conditions, such as tuberculosis, membranous pneumonia, etc,; this decrease goes in parallel with lowered 
AA concentration in the organism [1], At present, numerous experimental results suggest that liver tissue has 
a lower ability to reduce DAA after exposure to ionizing radiation, and moreover, this decline in liver tissue 
also goes in parallel with a decrease in ascorbic acid concentration, 


In this connection, in order to study the causes leading to lowering of the free AA content and a rise in 
DAA concentration in vessel tissue during acute radiation sickness, we carried out determinations of the ability 
of this tissue to reduce DAA, 


EXPERIMENTAL METHODS 
We used aortic tissue as the experimental system, just as in previous work [5], 


Experiments were carried out on male guinea pigs weighing 250-300 g, Before and during experiments 
animals were kept on a constant diet, consisting of hay, oats, and carrots, Acute radiation sickness was produced 
by a single external exposure to y -rays of Co (dose strength of 500 r/min) at a dosage of 800 r, Animals were 
killed by decapitation, Animals were deprived of food for 16 hours before being sacrificed, The aorta was ex- 
tracted from carcasses of slaughtered animals and freed from surrounding tissue and blood, Determinations of 
the ability of vessel tissue to reduce DAA were carried out by the method perfected by Schultze, Stotz, and 
King [8], DAA was obtained by oxidizing crystalline AA with iodine, 
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Reduction of DAA was determined by the increase in the quantity of ascorbic acid in suspensions of homo- 
genates of vessel tissue, to which DAA had been added, Ascorbic acid was determined by titration with 2,6- 
dichlorophenylindophenol, A difference in AA content in experimental and control tubes indicates reduction of 
DAA, Each tube contained 300 mg of aortic tissue, taken from five guinea pigs, 


The ability of aortic tissue to reduce DAA was determined at 1, 3, and 5 days after irradiation, At the 
doses of ionizing radiation used in the experiments, the animals died 5-7 days after irradiation, Thus, studies 
at these time intervals were carried out during appearance of the acute form of radiation sickness, 


EXPERIMENTAL RESULTS 


The results are presented in the table, From these results one can conclude that the ability of guinea pig 
aortic tissue to reduce DAA is still maintained within normal limits one day after irradiation, Three days after 
irradiation, when the fall in AA content and sharp increase in DAA concentration in aortic tissue of guinea pigs 
can already be observed [5], the ability of this tissue to reduce DAA has declined by a factor of 2, i,e., accounts 
for barely 18 + 3% of the added DAA, Reduction of DAA returned to normal five days after exposure to ionizing 
radiation, 

Reduction of DAA to Ascorbic Acid by Aortic Tissue of Guinea Pigs during 
Acute Radiation Sickness 
Quantity of DAA reduced,| Reduction of DAA as 
Time after irradiation | in mg%, after addition compared to amount 
(in days) of 0.3 mg DAA of DAA added (in 
percent) 


Normal 
11,0 + 1,2 
After irradiation 
10,9 + 1,2 
5.5+ 0,8 
11,24 0.5 


Thus, the decline in the ability of aortic tissue to reduce DAA in guinea pigs exposed to ionizing radia- 
tion may actually be one of the reasons for the fall in AA content and sharp increase in DAA concentration, 
but this in turn affects the integrity of the intracellular substance of connective tissue, and consequently also 
the permeability and fragility of the vessel wall, On the other hand, the fall in the ability of tissue from vessel 
walls to reduce DAA may indicate a general acceleration of oxidative processes in this tissue during exposures 
to radiation, 


The increased rate of DAA reduction five days after irradiation may evidently be regarded as a physiolo- 
gical protective reaction, connected with the increased requirement for ascorbic acid, 


SUMMARY 


Experiments were performed on guinea pigs, Acute radiation sickness provokes disturbance in the ability 
of the aortic tissue to reduce dehydroascrobic acid, In three days after irradiation this reducing faculty was 
halved and reassumed its normal value in 5 days, 


Diminution of the reducing faculty of aortic tissue with respect to dehydroascorbic acid in guinea pigs 
affected by ionizing radiation may serve as one of the causes of the drop of ascorbic acid content and of the 
sharp rise of the dehydroacetic acid concentration; this, in turn, affects the stability of the interstitial substance 
of connective tissue, and consequently the permeability and the fragility of the vascular wall, 


The rise of the intensity of dehydroascorbic acid reduction in five days after the irradiation, may evidently 
be regarded as a physiological protective reaction, connected with the increased ascorbic acid requirement, 
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In recent years the attention of research workers has been increasingly drawn to the role of phosphorus 
compounds, excreted into the gastro-intestinal tract, in the composition of digestive secretions, When the con- 
tent of these compounds in saliva, gastric juice, pancreatic juice, and intestinal juice of dogs was studied, it 
was found that intestinal juice is the richest in phosphorus compounds, and in particular, the quantity of phos- 
pholipids in intestinal juice was 100 times higher than in the other secretions studied by L. M, Babushkins [1}, 
Frazer [9] attaches considerable significance to the presence of phospholipids in the intestinal lumen in connec- 
tion with their role in the formation of a stable emulsion during absorption of neutral fat, 


D, E, Groézenskii and K, S. Zamychkina [2] established that a considerable quantity of phosphorus-con- 
taining compounds, largely phospholipids related to lecithin, are excreted in the bile, 


A study of phosphorus compounds in particular, phospholipids, in digestive juices [1] also revealed the 
presence in intestinal juice of an enzyme which could breakdown the phospholipids of the same juice, The 
fact that intestinal juice contains both these compounds and an enzyme breaking them down indicates that 
intestinal juice can be a source of a certain quantity of metabolically active choline, As is well known, cho- 
line is an important lipotropic factor [4], 


The endogenous formation of choline in the digestive system has received very little study, 


In accordance with the facts set forth above, we set ourselves the problem in the present study of clarifying 
the nature of the phospholipids secreted into the digestive tract by way of the intestinal juice, 


EXPERIMENTAL METHODS AND RESULTS 


The work was carried out on dogs [3], each of which had a duodenal loop isolated by Thiry’s method, 
Juice was collected during periodic secretion 16-18 hours after the animals had been fed, Soon after the juice 
had been secreted, it was centrifuged, and the fluid fraction was discarded, while the dense fraction of the in- 
testinal juice, otherwise known as the “mucus” bodies, was put on ice, 


Phospholipids were determined only in the dense fraction, since earlier work in the Laboratory of Diges- 
tion had established that organic phosphorus in intestinal juice is restricted to the dense fraction, The collected 
aliquots of this fraction of intestinal juice were pooled from all three dogs and retained for analysis, 


Phospholipids were extracted from the dense fraction of intestinal juice by a mixture of chloroform and 
methyl alcohol (2:1) with frequent grinding in a mortar, reckoning 20 ml of extracting mixture per gram of 
tissue, 
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TABLE 1 


Content of Phospholipids in the Dense Fraction 
of Intestinal Juice 


Quantity of phospho- 
lipids (mg) per g 
juice 


Sample number 


o 


Average 

TABLE 3 
Chromatographic Separation of Phospholipids 
(qualitative) 
Sample Composition of phospholipid 
number hydrolyzates 

11 Choline, serine, ethanolamine, 

inositol 
12 Choline, ethanolamine, inositol, 


glutamic acid, aspartic acid, 
lysine, unidentified spot 


13 Choline, ethanolamine, serine, 
inositol 
14 Choline, ethanolamine, inositol, 


aspartic acid, lysine, un- 
identified spot 
15 Choline, inositol, ethanolamine 


fraction of intestinal juice, 


fraction (57.8%), 


TABLE 2 


Content of Choline-Containing and Cephalin 
Fractions in Phospholipids of Intestinal Juice 
(as percentages of total quantity of phospho- 
lipids) 


Cephalin 


Choline- con- 
taing 


fractions 


Dark 


o 


Average 57,8 + 0,8 33,6 + 0.7 

After each grinding, the homogenate was cen- 
trifuged and filtered, The tissue residue was covered 
with chloroform and methyl alcohol (2:1) and left in 
a cold room overnight, On the next day the extracts 
were pooled and washed free of inorganic phosphorus 
with 0,1 N or 0,01 N HCl, 


After the phospholipid extract had been washed 
free of inorganic phosphorus, it was evaporated in a 
vacuum under a nitrogen atmosphere at 40-50°, The 
dry residue was dissolved in methyl alcohol, 


Separation of phospholipids into fractions was 
effected by adsorption on magnesium oxide by the 
method of Dawson, as modified by A, A, Smirnov and 
E, V. Chirkovskaya [3], The result was that two frac- 
tions were obtained; the fraction of choline-contain- 
ing phospholipids, consisting of lecithin and sphingo- 


myelin, and the cephalin fraction, consisting of ethanolamine serine, and acetal phospholipids, Aliquots were 

taken from the extract of each fraction to determine inorganic phosphorus, The aliquots were converted to in- 
organic phosphorus by concentrated sulfuric and nitric acid, Phosphorus was determined by the method of Fiske 
and Subbarow, To convert the phospholipid, the quantity of phosphorus (in milligrams) multiplied by 23,5, 


The experimental results are set out in Tables 1 and 2. 


Thus, the content of phospholipids in the dense fraction of intestinal juice is on the average 3,9 mg per g, 
corresponding to 16 mg % of phosphorus, By using special precautions during separation of the fluid fraction of 
intestinal juice from the dense fraction, one might obtain even larger amounts of phospholipids in the dense 


Table 2 shows that a large part of the phospholipids of intestinal juice consists of the choline -containing 
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Fig, 1, Chromatographic estimation of Fig. 2, Chromatographic estimation of 
ethanolamine and serine in phospholipids choline in phospholipids of intestinal 
of intestinal juice, a) Control; b) ex- juice, a) Control; b) experiment, 
periment, 1) Serine; 2) ethanolamine, 


TABLE 4 


Composition of Phospholipid Fractions in the Dense Fraction of Intestinal Juice 


Quantity of the various phospholipid 
Quantity of phos-| Quantity of phos- fractions (as % of the total) 
pholipids (mg) | pholipids under- 
per g juice going hydrolysis 
(mg) 


choline-contain- | serine phos-| ethanolamine 
ing phospholipids | pholipids phospholipids 


Since the content of phospholipids in intestinal juice is not large, and the method used allowed them to 
be separated into only two fractions, we turned to a chromatographic method for separating them, 


We used the method suggested by Levine and Chargaff [10], After removal of solvents in vacuum, the 
dry residue of phospholipids was subjected to acid hydrolysis with 5 N HCl at 125° for 12 hours, The hydroly- 
zate was freed of fatty acids by filtration and evaporated in a vacuum under a nitrogen atmosphere at 40-50°, 
The residue was dried in a desiccator over P,O and dissolved in water (1 mg phospholipid in 0,05-0,1 ml HO), 


For chromatograph we used Leningrad chromatographic paper, washed with *trilon,* The paper was cut 
into the shape used by Matthias (12), Asolution (0.11-0.03 ml) was applied with a special micropipette, 
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1 5.5 1.1 65,0 6.5 19,3 
2 5.7 1.9 63.3 20,3 
3 3.5 1.9 42,1 5,2 31.6 me. 
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The solvent mixture used to separate inositol, serine, and 
ethanolamine consisted of n-butanol: acetic acid: water (4: 1: 5), 
while choline was separated by n-butanol: diethylene glycol: 

: water (4:1: 1), 


Chromatography was carried out at 23-24° for 18-20 hours, 


To show up serine and ethanolamine chromatograms were 
sprayed with a 0,2% solution of ninhydrin in acetone and then 
warmed in a drying cabinet at 80° for 2-3 min, This caused 
blue-violet bands to appear on the paper (Fig, 1). 


To show up choline, chromatograms were dried at 100°, 
dipped in 2% phosphomolybdic acid solution for one minute, 
washed with n-butanol and water, then treated with freshly- 
prepared 0,4% solution of SnCl, in 3M HCl, This gave dark 
blue bands against a bluish-white background (Fig, 2), 


To show up inositol, chromatograms were sprayed with 
2.5% solution of AgNO, in methanol, dried at room temperature, 
and treated with ammonia vapor for one hour, Then the chro- 
matograms were left in a drying cabinet at 100° for ten minutes, 
Inositol showed up as dark bands (Ag2O, formed by the reaction 
of AgNO, with inositol in a medium of ammonia), 


It was established by the chromatographic method that 
phospholipids of the dense fraction of intestinal juice contain 
choline, serine, ethanolamine, and inositol, In addition, glu- 
tamic acid, aspartic acid, and lysine were detected (Fig, 3), 
These results support the data of Westley and co-workers [13], 
Fig, 3, Chromatographic estimation of who also found glutamic acid, aspartic acid, alanine, and cystine 
amino acids in the phospholipid fraction in phospholipids of rat brain and kidneys, 
of intestinal juice, a) Experiment; b) 
control, 1) Lysine; 2) aspartic acid; 3) 
glutamic acid; 4) unidentified band, 


Table 3 shows the results of chromatographic study of five 
samples of the dense fraction of intestinal juice, 


Quantitative estimation of serine, ethanolamine and cho- 
line allowed one to compute the content of serine-, ethanol- 
amine, and choline-containing phospholipids, 


Inositol could not be estimated quantitatively, since at present there are uo chemical methods allowing 
the estimation of inositol in quantities under 0,04 mg, 


After the chromatograms had been developed, the areas corresponding to the position of serine, ethanol- 
amine, and choline (from an estimate of R¢ values) were cut out of other, undeveloped chromatograms, Ethanol- 
amine, serine, and choline were eluted with water at room temperature for 18-20 hours, Then choline was 
estimated by the method of Kushner [11], and serine and ethanolamine by the method of Cocking [5], 


Table 4 shows the results of this experiment, 


F;. The chromatographic method of study,also showed that most of the phospholipid of the dense fraction of ‘ 
- intestinal juice consists of choline-containing phospholipids, * 
SUMMARY 


The author studied the phospholipid composition of the intestinal secretion in dogs, Intestinal juice con- 
tains considerable amount of phospholipids, The bulk of phospholipids in the intestinal juice is constituted by 
the choline-containing phospholipids, demonstrable by fractionation of phospholipids on magnesium oxide as 
well as with chromatographic method of examination, Along with lecithine, cholamine, serine and inosite- 
containing phospholipids are present too, although in smaller quantities, 
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Numerous investigators have occupied themsleves with studying the biochemical composition and deriva- 
tion of amniotic fluid, but up until now these questions have not been definitively resolved, 


The basic attention has been alotted to studying the biochemical composition of the amniotic fluid at the 
end of pregnancy; the question of changes in the biochemical composition of the amniotic fluid during the de- 
velopment of the pregnancy has not been adequately treated in the literature, Nevertheless, specific investiga- 
tion of the biochemical composition of the amniotic fluid within the dynamics of the developing pregnancy is 
highly valuable, since it makes it possible to elucidate certain aspects of the question concerning the derivation 
and mechanisms of formation of the amniotic fluid, The biochemical composition of the amniotic fluid also 
remains poorly studied for the early periods of pregnancy (up to 3 months); single reports on this question [13, 

14, 15], have been based on a small number of observations, and these have been on women suffering from one 
or another illness, so that they do not reflect the biochemical composition of the amniotic fluid during the normal 
course of pregnancy in healthy women, 


We carried out a comparative study of the biochemical composition of the amniotic fluid and the maternal 
blood at different periods of pregnancy, as well as the fetal blood in premature and term births, 


EXPERIMENTAL METHODS 


We examined 136 women, in the following periods of pregnancy: 8-12 weeks (early abortions) ~ 38 women, 
17-26 weeks (late abortions) — 23 women, 29-37 weeks (premature births) — 10 women and 40 weeks (normal 
childbirth) — 65 women, 


In induced abortions the amniotic fluid was obtained with the aid of a rubber tube, which was introduced 
through the internal os following dilatation of the canal in the neck of the uterus; a long needle was passed 
through this tube, At later periods the amniotic fluid was obtained by puncturing the fetal membrane with a 
needle guided by mirrors in the presence of a sufficiently opened uterine cervix or, in association with Caeserian 
section, from the fetal membrane projecting from the incision, Maternal blood was sampled at the same time 
that the amniotic fluid was obtained, by drawing from a vein in the antecubital fossa, Fetal blood was taken 
from the umbilical vessels, 


We investigated a centrifugate of the amniotic fluid, free of sediment, We determined the content of 
sugar, chlorides, urea, resting nitrogen, and the total amount of nitrogen, 
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The Mean Concentration (M # m) of Sugar, Chlorides, Urea, Resting Nitrogen, and Total 


Dee Sugar (in mg % Chlorides (in mg %) 


Stage of pregnancy 


niotic 
uid 


) 

3 


3 
3 
wa) 
3 


621,19 8 sal - 
+6,25 | +3 
6 


m 


8—12 weeks 57,97 al 6,7 
_(early abortions 31,31 2,97 
17—26 weeks 5.5. | 89, 
__ (late abortions) 


|maternal 


| 611.60 
,07 


8,7 
0,62 


29—37 weeks 


90, 


40 weeks 


(full term normal 
deliveries) 


+7 
617.9 
+3,77 


The data obtained was treated by the method of variation statistics; the validity index (T) was calculated 
for each arithmetic mean (M), as well as the difference in the arithmetic means in the case of their comparison, 


EXPERIMENTAL RESULTS 
The results of the investigations performed are presented in the table, 


From the data presented it follows that the amount of sugar in the amniotic fluid gradually decreases with 
the development of the pregnancy; at the end of pregnancy its level (23,4 mg%) is less than half of what it is in 
the early stages of pregnancy (57,97 mg%). A very wide fluctuation in the level of sugar within the amniotic 
fluid is noted at the end of pregnancy (from 5 to 64 mg%), which has also been pointed out by a number of 
authors [9, 16, 17); in the early periods its concentration ranges within minimal bounds (47-74 mg%). Accord- 
ing to our observations, the level of sugar in the maternal blood at the various periods of pregnancy remained 
almost unchanged, as did the fetal blood at premature and full-term deliveries, The concentration of sugar 
in the fetal blood was always lower (40 mg% and lower) than in the maternal blood, Thus, the decrease in the 
sugar level within the amniotic fluid with the development of pregnancy cannot be placed in relation to changes 
in its concentration within the maternal or fetal blood, 


The concentration of chlorides in the amniotic fluid throughout the extent of the pregnancy, as well as 
in the fetal serum at premature and term delivery, remained unchanged, It increased in the maternal serum 
at the end of pregnancy as compared with the early stages. According to the data of Zangemeister [22], the 
level of chlorides in the amniotic fluid is lower than in the maternal serum. On the other hand, according to 
the data of Makepeace [14], it is higher, According to our data, the average concentration of chlorides in the 
amniotic fluid at all stages of pregnancy is somewhat higher than in the maternal and fetal serum, However, 
when the obtained data is treated by the method of variation statistics this difference is not found to be sta- 
tistically valid, 


The concentration of urea in the amniotic fluid gradually increases with the development of pregnancy, 
and decreases in the maternal blood, At early stages of pregnancy its concentration in the amniotic fluid is 
somewhat lower than in the maternal blood, in late abortions it is approximately the same, and in premature 
and term deliveries it is higher, The concentration of urea in the fetal blood at premature and term deliveries 
is approximately the same, and excedes the level of urea in the maternal blood, 


Appoximately the same relationship was found for the concentration of resting nitrogen in the amniotic 
fluid, maternal blood and fetal blood as for the concentration of urea, 


Unique relationships appeared in determinations of the total protein content, Its concentration in the 
maternal serum in the second half of pregnancy did not change in its essential form, but in comparison with 
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Protein in Amniotic Fluid, Maternal Blood and Fetal Blood at Various Stages of Pregnancy 


_Urea (in mg %) Restin ng nitrogen (int (inmg%|__ Total prote Total protein (in %) 


| 
| 8 8 |g 8 
| 20,62 28 36 | 20,34 | 27,83 | 0,2 
| 40.77! 40,89 | | 40,014 |40,1196 
26,04 | 25,41 | | 25,40 | 24,52 | — | 0,25 6,63 0 | 
| $1.03} 41,09 $0,026 | 40,15 
| 97,39 | 22,00 | 26,14 26,51 20,44 | 25,96} 0,26 6,50 | 4,88 
| 41,84 | +0,94 +1,03 | +1,82 | 40,99 140,75) 40,02 +0,16 | +0,12 
| 33,88 | 20,68 | 25,88 31,79 | 20,27 | 26,22} 0,31 | 6,58 | 5,65 
42'11 | 41.28 | +0,88 | +1,69 | 40,93 ]40,97/40,009 | 40,09 | 40,019 


the early stages it decreased, In the amniotic fluid the concentration of protein in the early periods of preg- 
nancy was lowest — an average of 0,2%; with the development of pregnancy it gradually increased, and at the 
end of the pregnancy it was equal to an average of 0.31%, In the serum of the term fetuses the concentration 
of protein was higher than in the fetuses of earlier stages of pregnancy, and was always lower than in the ma- 
ternal serum, Thus, the amount of protein in the amniotic fluid increases regardless of its concentration in the 
maternal serum, As far as the relationship between the concentration of protein in the fetal serum and in the 
amniotic fluid is concerned, here we noted its parallel elevation in the later stages of pregnancy, 


Summing up the data presented, it is possible to conclude that the biochemical composition of amniotic 
fluid during the extent of the pregnancy undergoes significant changes, the direction of which is different for 
the different substances, In particular, the concentration of nitrogen-containing substances (urea, resting nitro- 
gen, protein) increases over the course of pregnancy, while sugar, on the other hand, decreases, 


The marked constancy should be noted in the composition of the amniotic waters in the early stages of 
pregnancy, as well as the considerably more manifest fluctuation in the concentration of the indicated substances 
in the second half of pregnancy, It is rather difficult to explain this fact, and at the present time only certain 
hypotheses can be advanced in regard to this question, Thus, for example, in the second half of pregnancy there 
appears a number of new factors, which can demonstrate an effect on the composition of the amniotic fluid: 1) 
changesin the placenta throughout the extent of its development; 2) swallowing of the amniotic waters by the 
fetus [1, 2, 11, 12, 19, 20}; 3) contamination with the fetal grease and scales of epidermis; 4) the entirely pos- 
sible periodic contamination with fetal urine [13, 21], 


It is of considerable interest to compare our data, concerning the decrease in the amount of sugar within 
the amniotic fluid, with the data of S, S, Kasab'yan [7], which showed a gradual decrease in the level of glyco- 
gen in the placenta with development of the pregnancy, Thus, our hypothesis on the role of the placenta in 
regulating the concentration of sugar within the amniotic fluid is apparently not lacking a foundation, 


The biochemical investigations which we performed simultaneously on the amniotic fluid, maternal blood, 
and fetal blood, speak in favor of the secretory theory on the derivation of amniotic fluid, Until now this theory 
was based mainly on the results of histological and histochemical investigations [3-6, 8, 18], The absence of 
parallel values for the concentrations of the individual substances in the amniotic fluid, maternal blood, and 
fetal blood, at the different periods of pregnancy contradicts the theory of a number of investigators [10, 14] 
which considers the amniotic fluid as a transudate or dialysate of the maternal or fetal serum. 


SUMMARY 


The content of sugar, chlorides, urea, nitrogen and of total proteins was studied simultaneously in amniotic 
fluid maternal and fetal blood, Investigations covered 136 women at various terms of pregnancy (8-40 weeks), 
With the progress of pregnancy the biochemical composition of amniotic fluid changed as follows: there was a 
rise of urea, rest nitrogen and of the total protein; sugar concentration dropped; chloride level remained un- 
changed, 
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There was no parallelism between the biochemical changes in the amniotic fluid on one hand, and the 
changes in the maternal and fetal blood on the other, The aforementioned biochemical investigations serve 
as a conclusive confirmation of the secretory theory of the amniotic fluid origin and contradict that of transuda- 


tion, 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 
odical literature may well be available in English translation. A complete list of the cover-to- 
cover English translations appears at the back of this issue. 
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CHANGES IN THE ELECTROPHORETIC PROPERTIES 
OF THE TOXIN OF Clostridium oedematiens 
UNDER THE INFLUENCE OF FORMALIN 


M. V. Ispolatovskaya and E, V. Vlasova 


Division of Biochemistry, N, F,Gamaleya Institute of Epidemiology and 
Microbiology (Dir, ~— S. N, Muromtsev* ) of the AMN SSSR, Moscow 

(Presented by Active Member AMN SSSR V, N, Orekhov) 

Translated from Byulleten’ Eksperimental'noi Biologii i Meditsiny, Vol. 51, No, 3, 
pp. 67-71, March, 1961 

Original article submitted April 11, 1960 


The production of toxoids from bacterial exotoxins by means of the action of formalin and heat presupposes 
the removal of the toxocity of the preparations while fully preserving their antigenic properties, In several cases, 
however, the antigenicity of the resulting toxoids is inadequate, It has been shown [1] that the loss of antigenic 
properties is to a large extent dependent on the conditions of detoxication, Meanwhile the mechanism of action 
of formalin, which is a fundamental factor in the conversion of toxin into toxoid, has received insufficient study, 
The investigation of this problem is of great importance from the point of view of the production of high-quality 
preparations for active immunization of human subjects, 


In the present research we studied the changes in the electrophoretic mobility of the toxin of Clostridium 
oedematiens in the process of its detoxication with formalin, These changes were compared with the changes in 
the electrophoretic properties of the toxin of Cl, perfringens in the process of toxoid formation, which we have 
described previously [3], ee 


EXPERIMENTAL METHOD 


We studied the toxins of Cl, oedematiens strain No, 794 grown on media based on acid casein hydrolyzate, 
Optimal accululation of toxin in the medium was observed on the 3rd-4th day, The crude toxins thus obtained 
contained 6000-10,000 MLD/m1 and 30-50 units/ml and were suitable for immediate electrophoretic investiga- 
tion without preliminary concentration, A single dose of formalin was added to give a concentration of 0.4%, 
The process of detoxication was conducted at 37° and lasted 2-3 days, As detoxication proceeded samples of 
toxin were withdrawn at known intervals of time, and subjected to electrophoretic fractionation in a starch block 
{2}, In each sample we determined the protein content by Lowry's method [6], and the biological activity of the 
toxin and toxoid by experiments on white mice, The intervals between taking the samples and the beginning of 
detoxication were 1, 2, 3 and 4 days, The electrophoretic fractionation of the toxins of Cl, oedematiens in the 
course of detoxication was carried out in conditions similar to those previously described [3], The results of elec- 
trophoretic fractionation were shown as electrophoregram graphs, The graphs were provided with a scale of elec- 
trophoretic mobility previously drawn up from the results of experiments carried out in a Tiselius apparatus [3], 


Control determinations of the amino nitrogen in the initial toxin and also in the preparation during de- 
toxication with formalin were made by Tsuverkalov's method, 
EXPERIMENTAL RESULTS 


In Fig. 1 we show the result of one typical experiment of electrophoretic fractionation of the toxin of Cl, 
oedematiens in a starch block, 
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tiens, —--—— protein content (in mg/ml); —--— activity of toxin 
in fixation units; 1-9 corresponds to the point of application of the 
toxin, Along the axis of abscissas are plotted the positions on the 
starch block in cm, and the scale of electrophoretic mobility in a 
boric acid-borate buffer (pH 8.6; electrical conductivity 0,0035 
ohm 
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4 Fig. 2, Electrophoretic properties of the toxin of Cl, oedema- 
E: tiens 24 hours after the addition of formalin, protein 
(in mg/ml); — ——— activity of toxin in fixation units, 
ie It will be seen from Fig, 1 that the greater part of the activity of the Cl, oedematiens toxin was included 
“s in 23 fractions from the block counting from the anode, with an electrophoretic mobility of 0,3 to—0,731° 
10°cm*sec™v"', The mobility and negative charge of the Cl, oedematiens toxin were a little lower than those 
of phospholipase C, the main component of the toxin of Cl, perfringens, which had the value 1,2 to—1.6° 
10~5cm*sec™v" [3], Fractions 22, 21 and 20 also possessed slight toxicity and had a mobility similar to that of 
pe the phospholipase C of Cl, perfringens toxin, The attempt to find this phospholipase in the 22nd, 21st and 20th 
“4 fractions by means of its enzymic activity was unsuccessful, for this activity was extremely small, 
a Figure 2 shows the activity of the toxin of Cl, oedematiens 24 hours after the addition of formalin, It is 
F clear that under the influence of formalin an appreciable change takes place in the electrophoretic properties 
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Fig. 3, Change in the electrophoretic mobility of the toxin 
of Cl, oedematiens 48 hours after the addition of formalin, 
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of the Cl, oedematiens toxin, as shown by a widening of the zone of activity to give a range of electrophoretic 
mobilities from 0,6 to—3,34+10-5cm*sec™4v™!, In contrast to the concentrated Cl, perfringens toxin, detoxica- 
tion of which continued for 60 days, the conversion of Cl, oedematiens toxin into toxoid took place much more 
quickly, Only 24 hours after the addition of formalin the greater part of the toxin was converted into toxoid 

with a maximum activity in fractions 22, 21, 20, 19 and 18 and with slight activity in fractions 17 and 23, After 
detoxication for 48 hours a certain redistribution of activity took place along the length of the starch block, The 
maximum of toxoid activity fell in fractions 22, 23 and 18, and also in fractions 20, 21 and 16, forming two 
peaks of activity on the curve, The active fraction extended over a range of values of electrophoretic mobility 
from 0,6 to— 3,77°10-5cm*sec*v™*, At the end of the second day of detoxication practically the whole of the 
toxin was converted into toxoid, After nine days of contact with formalin the toxin which was obtained possessed 
electrophoretic properties which differed qualitatively from those of the original toxin, Instead of a mobility of 
—0,6°10-cm*sec™v", characterizing the lethality factor of the toxin, the main activity of the toxin was con- 
centrated in the fractions with a mobility of and cm*sec™!v"", i,e,, the nega- 
tive charge of the system of proteins forming the toxin complex was increased fourfold, 
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The action of formalin on the protein molecule is known to proceed in several directions and not to be con- 
fined to blocking amino groups [4]. Nevertheless, in connection with the considerable increase in the negative 
charge and, consequently, in the acid properties of the toxin in the process of detoxication, it was of great interest 
to study the changes in the amino nitrogen content of the toxin in the process of detoxication, In the table we 
give figures showing changes in the content of amino nitrogen during the gradual change of Cl, oedematiens 

toxin into toxoid, Detoxication of the toxin was complete at the end of the second day, 


Change in the Amino Nitrogen Content in the Process of Detoxication of Cl, 
oedematiens Toxin 


Amino nitrogen content (in mg%) 


before 
addition 
of formalin 


after addition of formalin 


Name of preparation 


24 hours 48 hours 


Crude toxin I 


4 Active fraction I 
4 II 
Ill 


The figures in the table show that the amino nitrogen content in the original toxin and in its active frac- 
tion, separated by electrophoretic fractionation on starch at different intervals after the addition of formalin, 
was roughly equal, and could not be used as a criterion to account for the change in the charge of the protein 
and its acquisition of acid properties in the course of toxoid formation, 


We concluded from the experimental findings described above that during detoxication with formalin the 
toxin of Cl, oedematiens, like that of Cl, perfringens which we studied previously, when undergoing conversion 
into toxoid gradually changed its electrophoretic properties, The toxoid possessed a much greater negative 
charge and was electrophoretically heterogeneous, The increase in the negative charge was not associated with 
any decrease in the content of amino nitrogen in either the original toxin or in its active fraction, The amino 
nitrogen content of the latter was very low throughout the entire period of detoxication, The development of 
electrophoretic heterogeneity may be due to a change in the spatial configuration of the protein molecule of 
the toxin under the influence of formalin, Pillemer [7], for instance, cites evidence in support of the view that 
tetanus toxoid is the dimer of toxin molecules, condensed through their toxic groups, In Van Heyningen's view 
[5], the idea that the conversion of toxin into toxoid may involve condensation, which may be catalyzed by 
various reagents, is most likely, This question may be answered after the further study of the mechanism of de- 
toxication by means of modern chemical and physico-chemical methods, 


SUM MARY 


In detoxication of Cl, oedematiens toxin with formalin there occur distinct changes in the electrophoretic 
mobility with a considerable rise of its acid properties, i.e., of the negative charge of the preparation, The 
mobility of the toxoid, a qualitatively new protein, is about 4 times greater than that of the original toxin, Dur- 
ing the process of toxoid formation no interrelationship was noted between the change of the protein charge and 
the amino nitrogen content, 
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PHARMACOLOGY 


THE CORRELATION BETWEEN THE CENTRAL AND PERIPHERAL 
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Translated from Byulleten’ Eksperimental'noi Biologii i Meditsiny, Vol, 51, No, 3, 
pp. 72-76, March, 1961 

Original article submitted March 17, 1960 


Certain substances with a calmative effect on the central nervous system have been classed as tranquilizers, 
Cholinolytics such as Diazyl [benzilic acid 8 -diethylaminoethyl ester hydrochloride], Aprophene [diphenylpro- 
pionic acid 6 -diethylaminoethy! ester hydrochloride], Methyldiazyl [benzilic acid 8-diethylaminopropy] ester 
hydrochloride], Diphacyl [diphenylacetic acid 6-diethylaminoethyl ester hydrochloride], Methyldiphacyl [di- 
phenylacetic acid 6-diethylaminoisopropyl ester hydrochloride], Pentaphene [ phenylcyclopentacarbonic acid 
8 -diethylaminoethy! ester hydrochloride], etc, occupy a prominent place in this group, 


That these substances have a central inhibitory effect is evident from their pronounced effect on the higher 
nervous activity of healthy people [4, 8] and animals [2, 5, 6, 7, 10, 11, 12, 13, 14, 15] and from the typical 
changes they cause in the spontaneous bio-electric acitivity of the brain[2, 3, 4, 9], The cholinolytic nature 
of their effect is demonstrated by the mutual antagonism between their effect and the central effect of cholino- 
mimetic substances such a nicotine and arecoline and anticholinesterase substances such as physostigmine, pro- 
serine [neostigmine], etc, 


However, it is well known that these cholinolytics can block the cholinergic synapses of the peripheral, 
nervous system as well as those of the central, and a more definite idea of the correlation between the central 
and peripheral cholinolytic effects is of considerable theoretical and practical importance, Opinions on this 
correlation which have been based on comparisons of data obtained under conditions specially created to de- 
monstrate either solely the central or solely the peripheral effects cannot be considered conclusive, The central 
and peripheral cholinergic systems are comparable up to a certain point, if only because of the obvious dis- 
similarity of the anatomicophysiological and biochemical conditions of their activity, 


Scientists have been attempting to develop a test to demonstrate the properties of the central and peri- 
pheral cholinolytic effects by simultaneous registration of the latter, but the first to provide a solution to this 
problem was S, N, Golikov in 1954[1], His method has been acknowledged and used with creditable success 
as that best satisfying the given conditions, 


S. N, Golikov is known to have successfully used N, V, Golyakhovskii's data on the central (tremor) and 
peripheral (salivation) cholinomimetic effects of arecoline to analyze the central and peripheral effects of 
atropine and Tropacine [ester of diphenylacetic acid hydrochloride], He established that different doses of these 
cholinolytics are required to prevent the central and peripheral effects of arecoline, From the data he obtained, 
the author concluded that arecoline intoxication in mice could be used to assess the central and peripheral effects 
of cholinolytics, based on the ability of the latter to prevent or remove the central (tremor) or pheripheral (saliva- 
tion) symptoms of intoxication, 
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This method, however, despite it unquestionable merits, does not allow one to fully assess the effect of 
experimental cholinolytics, In the first place, it does not permit comparison of the central and peripheral effects 
of any cholinolytic, but only of those which block the m-cholinergic systems, In the second place, of the two 
aspects of a substance’s effect — its strength and its duration only one, the former, can be determined by means 
of this method, And finally, the method does not permit objective registration of all the visible effects (tremor 
and salivation), 


In the course of a pharmacological study of certain new compound esters, derivatives of diethylamino- 
ethanol and aromatic acids, we developed a new method of determining the strength and duration of the central 
and peripheral effects of cholinolytics, As known, the classic method of studying peripheral synaptic transmission 
of nerve impulses is to compare the responses of the effector organ to stimulation of the peripheral section of the 
nerve recorded before and after administration of the experimental substance, The introduction of electrophys- 
iological methods to pharmacological research has made it possible to record the changes in the bio-electric 
potentials of the brain during light, sound, tactile and other stimulations and during stimulation of individual 
Nerves and intemal organs, The electroencephalographic changes observed (waking symptom) are belived to 
reflect processes which occur in the cells in certain sections of the brain in response to the application of stimu- 
lation to the periphery, 


We have established that the waking symptom 
evoked by stimulation of the sciatic nerve, inflation 
of the stomach, stimulation of the vagus nerve, etc., 
is not apparent after the intravenous injection of cen- 
tral cholinolytics in specific doses, This is probably 
due to blockade of the synaptic cholinergic systems, 
according to data obtained in other investigations con- 
cerning the central effect of Diphacyl, Diazyl, and other 
substances of this series, It is known that these sub- 
stances can block the peripheral as well as the central 
cholinergic synapses, The method we used to assess 
both the central and peripheral cholinolytic effects 
simultaneously was a combination of the method for 
Fig. 1. Diagram of pencil case receptacle designed to _ recording the peripheral, 
hold nerve section during stimulation. Key: 1) Case 
frame; 2) case cover; 3) silver grounding plate; 4) 
stimulating electrodes; 5) nerve. 


The vagus nerve, intact — not transected, of a 
rabbit under light urethan anesthesia (0,5 g/kg) was 
put into a moist receptacle fashioned from a pencil 
case and containing platinum electrodes for stimulating the nerve and silver grounding plates (Fig. 1), Silk 
thread was used to bind the receptacle to the deep muscles of the neck, after which the wound was closed with 
either silk or Kocher's forceps, The rabbit was then rolled on to its stomach and strapped to the bench until the 
end of the experiment, We recorded the ECG (lead II) and the EEG (frontal, parietal and occipital leads), The 
brain potentials were led off by means of platinum (30-70 4) monopolar and bipolar electrodes, The vagus nerve 
was stimulated with square-wave pulses (250-400 cps, 0,1-1m/sec,6-10 volts) for 5-10 sec, 


The parameters given for the stimulating stimuli are supraliminal for the central section of the vagus nerve 
and liminal for the peripheral, The relative disparity between the thresholds of the "central" and "peripheral" 
reactions in this case suited our purpose: this meant that any predominance observed of the central cholinolytic 
effect over the peripheral under these experimental conditions would be completely authentic, The sensitivity 
of the central and peripheral synapses to threshold stimulations was determined in control experiments, 


A clear "waking" picture on the EEG and retardation of the heart rate on the ECG (Fig, 2) were observed 
in response to the experimental stimulation, These changes were evidence of the conduction of nerve impulses 
through the cholinergic synapses of the central and peripheral systems under normal conditions, while the absence 
of these effects demonstrated the blocking of these synapses following the administration of cholinolytics, 


For example, Methyldiazyl (benzilic acid diethylaminoisopropyl ester racemate hydrochloride) removed 
the waking symptom when injected in a dose of 0,1-0,15 mg/kg, but a 0,2-0,3 mg/kg dose of this preparation 
was required to block the cholinergic systems of the heart, In the latter case, the peripheral blocking effect 
lasted 15-20 min, and the effect on the central nervous system lasted over an hour, 
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Fig, 2. Change effected by Methyldiazyl in the central and peripheral effects in 
response to stimulation of the vagus nerve (experiment performed on rabbit three 
hours after operation in which electrode was placed on vagus nerve and electrodes 
were fixed to the parietal region of the cerebral cortex), 1) EEG; 2) ECG; 3) stimu- 
lation of vagus nerve (dropped section of line); I) norm; II) 5 min after intravenous 
injection of Methyldiazyl in a dose of 0,1 mg/kg; III) 5 min after injection of prep- 
aration, this time in a dose of 0,3 mg/kg; IV) 30 min after second injection, 


After the intravenous injection of the experimental substances, the response to stimulation of the vagus 
nerve was recorded every five minutes until the cholinolytic effect had completely disappeared, The strength 
and duration of the central and peripheral effects induced by several substances were determined in this way, 
making it possible to establish a correlation between the two effects, 


This article cites data demonstrating the correlation between the central and peripheral cholinolytic effects 
of four known and two recently synthesized cholinolytics, 


The substances we selected differ qualitatively in effect: Diazyl and Methyldiazyl are strong m-cholino- 
lytics; Diphacyl and Pentaphene are relatively strong n-cholinolytics, and Methyldiphacyl and Aprophene block 
both the m- and n-cholinergic systems to an approximately equal degree, 


The investigations conducted showed that all these substances possess both central and peripheral cholino- 
lytic activity, which is fully corroborated by the specific literature data on the pharmacology of these prepara- 
tions, 


The correlations of the central and peripheral blocking effects of these substances in strength and duration 
are clear from the table, 


The table shows that these substances exert a blocking effect on the central cholinergic synapses in doses 
which either do not effect or scarcely affect the peripheral cholinergic synapses, The central cholinolytic effect, 
moreover, lasts slightly longer than the peripheral, 


Comparing the data obtained from the various preparations, one can note that the difference in their effects 
comprised an average of 400-1000%; when, however, the central and peripheral cholinolytic effects are deter- 
mined separately under specially created conditions, the difference observed in the strength of the various prep- 
arations' effects runs from 2000-3000%, According to our data, for example, there is a difference of 1000% be- 
tween Diazyl and Diphacyl in strength of central cholinolytic effect, while data obtained by other methods 
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Change of Central and Peripheral Cholinolytic Activity 


Doses (in mg/kg) preventing Ratio of the doses | Duration of block- 
inhibiting the cen-| ing action (in min) 
tral and peripheral 
effects 


bradycardia reaction 


Preparation (peripheral effect) 


peripheral 


Methyldiazyl 
Diphacyl 
Pentaphene 
Aprophene 
Methyldiphacy] 1,0 


have defined this difference as 2000-3000%, The reason for the smaller difference observed in the strength of 

the different cholinolytics’ effects is that, in our observations, we determined the general cholinolytic activity 

of the preparations instead of the specific m- or n-cholinolytic activity, Most of these substances are known to 
affect to some extent both m- and n-cholinergic systems, The method we propose makes it possible to deter- 
mined the strength and duration of the central and peripheral cholinolytic effects of substances regardless of their 
qualitative peculiarities, since an impulse passes from the site of stimulation both centrally and peripherally 
through m- and n-cholinergic systems, making it possible for use to determine the total, or over-all, cholinolytic 
activity, The cholinolytic activity of the substances we investigated (Diazyl, Methyldiazyl, Pentaphene, Diphacyl, 
Methyldiphacyl and Aprophene) was found to be primarily central, 


The duration of the central cholinolytic effect was longer than that of the peripheral, 


This method of stimulating the intact vagus nerve and simultaneoulsy recording the central (waking) and 
peripheral (retarded heart rate) effects can be used to simultaneously determine the strength and duration of both 
the central and peripheral cholinolytic effects, 


SUMMARY 


Synchronic determination of the strength and duration of the central and peripheral cholinolytic action of 
four known and 2 new preparations belonging to the ester group was carried out with the aid of a new method 
(stimulation of the intact vagus nerve with simultaneous registration of the central effect on the EEG and of the 
peripheral effect — slowing down of the cardiac rhythm — on the ECG), It was shown that Diazyl, Methyldiazyl, 
Diphacyl, Pentaphene, Methyldiphacyl and Aprophene produced mainly central cholinolytic activity; the strength 
and the duration of the central cholinolytic effect exceeded that at the periphery. 
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According to S, V. Anichkov [1], Diphacyl belongs to the group of substances which act primarily on the 
central cholinergic synapses, 


Experimental investigations carried out in Prof, S, V. Anichkov's laboratory [6, 7, 8] have shown that 
Diphacy! reduces the ascorbic acid content of rats’ adrenal glands and causes eosinopenia in the peripheral blood 
of animals (rats, rabbits), These are indices of increased adrenal cortical function [3, 4, 12], 


We made a direct assay of the 17-hydroxycorticosterones in the peripheral blood of dogs [2], We deter- 
mined the 17-hydroxycorticosterones by the Silber and Porter method, as modified by N, A. Yudaev and Yu, A, 
Pankov [10], and obtained statistically significant data showing that Diphacyl[diphenylacetic acid diethylamino- 
ethyl ester] almost triples the 17-hydroxycorticosterone content of the blood, 


We then proceeded to investigate the action mechanism of Diphacyl responsible for the increase in the 
hormone content of the blood, 


In experiments on decerebrate cats [6, 7], we observed that Diphacyl only increases adrenal cortical activ- 
ity when the hypophysis and hypothalamus are intact, This suggested that the hypophysis plays a role in the in- 
tensification of the adrenal cortical function, 


We decided to analyze the mechanism of Diphacyl's action and determine to what extent Diphacyl's in- 
tensifyingeffect on the adrenal cortical function is connected with its central cholinolytic effects, 


EXPERIMENTAL METHODS AND RESULTS 
This article reports the results of experiments performed on 17 male white rats weighing 150-200 g each, 


In one experimental series, we performed hypophysectomy on intact rats by E, M, Silaeva's method (see 
[9}). The experiments on the rats were usually made 24-35 hours after the hypophysectomy, One group of 
hypophysectomized rats «rved as the control; the rats of this group were intraperitoneally injected with distilled 
water and then sacrificed by decapitation 50-90 min later, The adrenal glands were removed through a dorsal 
incision and decapsulate«!, after which their ascorbic acid content was determined by means of Tilman's stain, 


Each of the other group of hypophysectomized animals were given Diphacyl, intraperitoneally injected 
in a dose of 20-50 ng/kg. In this case too, "he ascorbic acid content of the adrenal glands was determined 
50-90 min after the administration of Diphacyl, 
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Effect of Diphacyl on Ascorbic Acid Level in Adrenal 
Glands of Hypophysectomized Rats 


Ascorbic acid 
content 
| (in mg _%) 
after con- 
[Diphacy! trol 


Experiment 
date (1959) | £ 
= 

2 


Number of 


5/1X 565 
9/1X g 524 
14/1X 573 
16/1X 514 
18/1X 518 
24/1X 516 
26/1X 544 
28/1X 5 514 
2/X 500 
3/X 523 
8/X 466 


Average 
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JO 60 90 120 JO 60 90 120 150 180 
Time (in min) 


Fig. 1, Effect of Diphacyi on eosinophil content in peripheral blood of 
intact (a) and adrenalectomized (b) rats, Arrow ( ) shows intraperito- 
neal injection of Diphacyl (50 mg/kg). 


The experimental results showed that Diphacyl, administered after hypophysectomy, caused no decrease 
in the ascorbic acid content of the rats’ adrenal glands, but caused, on the contrary, some increase, This in- 
crease in ascorbic acid content was not, however, statistically significant, The results of this experimental series 
are shown in the table, 


The results of these experiments led us to conclude that the hypophysis is of essential importance to Di- 
phacyl's activating effect on the adrenal cortical function, 


To further analyze Diphacyl's action mechanism, we performed a series of experiments to determine Di- 
phacyl's effect on level of eosinophils after adrenalectomy, 


Experiments on four rats showed that Diphacyl did not cause marked eosinopenia in the adrenalectomized 
animals; eosinophilia was even observed in a few experiments (Fig, 1), 


In order to ascertain the extent to which the central effect of Diphacyl promotes adrenal cortical activa- 
tion, we investigated Diphacyl's effect and that of its quaternary analog, Diphacyl iodoethylate on the adrenal 
cortex of intact rats, 
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Fig. 3, 


Fig, 2, 


Fig, 2, Effect of Diphacyl and Diphacyl iodoethylate 
on ascorbic acid level in rats’ adrenal glands, Each 
column represents the average ascorbic acid content 
(in mg %) in the adrenal glands of 45 rats, Top 
absolute limits, 1) 50-90 min after intraperitoneal 
injection of 20-50 mg/kg Diphacyl; 2) control; 3) 
50-90 min after intraperitoneal injection of 30-50 
mg/kg Diphacy] iodoethylate, 


Fig, 3, Ascorbic acid content in adrenal glands of 
rats following administration of Diphacyl and pros- 
serine, Each column represents the average ascorbic 
acid content (in mg %) in the adrenal glands of 32 
rats, Top — absolute limits, 1) control; 2) 50-90 
min after intraperitoneal injection of Diphacyl (30 
mg/kg); 3) 50-90 min after intraperitoneal injection 
of proserine (neostigmine] (0,1 mg/kg); 4) 50-90 
min after administration of Diphacyl (30 mg/kg) and 
proserine (0,1 mg/kg) in combination, 


According to the literature data [5, 11], the peripheral effect of Diphacyl's quaternary analogs on the bio- 
chemical systems of the tissues is stronger than their central effect, 


Our experiments showed that Diphacyl iodoethylate caused no statistically significant increase in the cor- 
tical activity of the adrenal glands (Fig, 2), 


Therefore, Diphacyl's central effect is of prime importance to its effect on the hypophysial-adrenal sys- 
tem, Diphacyl probably facilitates the secretion of ACTH by hypophysis by activating certain hypophysial- 
hypothalamic centers, 


The works of Bovet and Longe [11] and N, A, Kharauzov [9] have shown that the effects of cholinomimetic 
and cholinolytic agents can be antagonistic in the region of the central cholinergic synapses, 


To determine whether Diphacyl's activating effect on the hypophysial-adrenal system is associated with 
its central cholinolytic effect, we performed experiments on rats to which Diphacyl and anticholinesterase sub- 
stances were administered, In previous experiments [8], we had observed that Diphacyl's effect on the hypophys- 
ialadrenal system is removed by the anticholinesterase substance physostigmine, In the subject series of ex- 
periments on rats, we established that another anticholinesterase substance, proserine, distinctly nullifies Di- 
phacyl's effect on adrenal cortical activity, The results of this series of experiments are given in Fig, 3, 


It is clear from Fig, 3 that Diphacyl's activating effect on the hypophysialadrenal system is weakened in 
the presence of cholinomimetic substances, which are antagonistic to cholinolytics, Therefore, the activation 
of the adrenal glands effected by Diphacyl is associated with its effect in the region of the central cholinergic 


synapses, 
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SUMMARY 


The author studied the mechanism of Diphacyl action upon the cortical activity of adrenal glands in white 
male rats, Diphacyl enhances the activity of the adrenal cortex (reduces the ascorbic acid content therein, 
provokes eosinopenia in the peripheral blood system) only in intact animals, and not in hypophysectomized rats. 
Experiments with the administration of Diphacyl is connected with its central action, Anticholinesterase sub- 
stances reduce the action of Diphacyl on the hypophysis-adrenal system, Consequently the stimulating effect of 
Diphacyl upon the adrenal function is associated with the action of this preparation in the area of the central 
cholinergic synapses, At the expense of this effect, Diphacyl possibly facilitates the secretion of ACTH of the 
hypophysis, stimulating the discharge of 17-hydroxycorticosterones into the blood. 
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pp. 80-84, March, 1961 

Original article submitted May 6, 1960 


In recent years the participation of the lymph nodes and spleen in the production of antibodies has been 
demonstrated in diverse immunological forms, However, it is not known which lymphoid tissue is involved, or 
when it engages in the process of immunogenesis, 


Therefore, it seemed of interest to us to elucidate the degree of participation of the various lymphoid 
organs in the systemic immunologic response to iniection of an anatoxin, depending upon the character of the 
injected preparation (crude or depot ) and on the immunization scheme, 


In connection with this, we followed the suggestion of P, F, Zdrodovskii and undertook a detailed study of 
the antitoxin content in the blood and in a series of the lymphaid organs (spleen, popliteal, iliac, axillary, sub- 
scapular, cervical and mesenteric lymph nodes), Simultaneously, these organs were investigated cytologically, 
The lymph nodes were taken from both the same and opposite sides relative to the antigen injection, 


EXPERIMENTAL METHOD 


The experiments were carried out on rabbits, 1,5-2 kg in weight, In all cases the antigen was injected 
subcutaneously, into the lower portion of the right posterior extremity, The antitoxin in the lymph nodes, spleen 
and blood was determined dynamically, on the 8th, 10th, 15th, 25th, 30th, 40th, and 60th days following the 
initial injection of anatoxin, and on the 3rd, 5th, 10th, and 15th day after revaccination, As the antigen we 
used diphtheria and tetanus anatoxins, 


In the first series of experiments we used 36 rabbits for the initial immunization — 18 in each group, Crude 
anatoxin was injected into the animals of the first group, in a dose of 20 Lf, The same amount of a precipitated 
preparation (with 1% alum) was administered to the animals of the second group, At each time interval we 
sacrificed 3 rabbits by exsanguination following the method described in Report I, 


In the second series of experiments, performed on 42 rabbits, we studied antitoxin formation under re- 
vaccination conditions, For this purpose we performed a second injection of the same dose (20 Lf) of crude 
anatoxin 3 months after the initial immunization, 


EXPERIMENTAL RESULTS 


The investigation showed that the initial injection of antigen is accompanied by a latent period, during 
which it is not possible to demonstrate antitoxin in the lymphoid organs or the blood, Only after the 8-10th day 
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(with injection of tetanus anatoxin) or 12-14th day (with injection of diphtheria anatoxin) does there begin a 
weak production of antitoxin in the regional nodes, At approximately the same time or a little later the anti- 
toxin also appears in the blood, The same results were obtained when the rabbits were injected with the pre- 
cipitated anatoxin, 


Regardless of the character of the preparation injected (crude or depot) the remaining lymph nodes and 
Spleen donot manifest antitoxin accumulation, 


Cellular shifts were seen on the side of the anatoxin injection, An increase in the number of plasmoblasts 
occurred in the regional node at early intervals following the antigen administration, This increase reached its 
maximum on the 5th day; on the 10th day the cellular reaction subsided, Cellular reaction in the distant nodes 
and spleen was very weak, 


Thus, the initial injection of antigen is accompanied by very weak production of antitoxin in the regional 
nodes, Apparently at this time the cellular reorganization of the organs is just forming, for the subsequent pro- 
vision of antitoxin synthesis. 
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Fig. 1. Content of antitoxin in the blood and lymphoid organs of rabbits following a 
repeat injection of diphtheria anatoxin, a) Initial and repeat immunization with 
crude anatoxin; b) initial immunization with adsorbed anatoxin, repeat with crude 
anatoxin, 


The results of antitoxin titration for the lymphoid organs and blood following the second injection of anti- 
gen are presented in Fig, 1,a and b. 


Regardless of the previous treatment of the animal, the repeat injection of crude anatoxin was accom- 
panied by an early (after 48 hours) appearance of antitoxin in the regional lymph node; the titer here reached 
its maximum on the 5th to 6th day, with a sharp decline in the subsequent days of observation, The fall in the 
antitoxin titer for the regional node coincided with a rise in the antitoxin level in the serum, Even by the 5th 
to 6th day after the anatoxin injection the antitoxin titer in the serum exceeded that in the regional node by 
many times, 


The remaining lymph nodes and the spleen, throughout the entire extent of the investigation, took only 
a negligible part in the formation of antitoxin, The titer in homogenates of these organs ranged from 0,005 
to 0,03 AE, We observed the same relationship in association with the initial immunization using treated ana- 
toxin (alum precipitated and adsorbed), The only difference was in a more energetic formation of antitoxin in 
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regional node and a transient participation (on the 5th day) of the remaining lymphoid organs ta this process 
(see Fig, 1,b). 

The dynamics of the antitoxin formation in the lymphoid organs was the same with revaccination of the 
rabbits using the precipitated anatoxin, The only difference consisted of a more intense and prolonged (15 days) 


production of antitoxin by the regional node, and a brief participation of the distant lymphoid organs in this 
process, However, the titer of antitoxin in these organs was many times lower than in the regional node, 


Data on the prolongation of antibody production are also found in the work of Ehrich and co-workers [6], 
using dysentery vaccine in oil for the immunization, The fall in the agglutinin titer, in this case, began on the 
14th day following injection of the vaccine, 
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10 
Days 
Fig. 2, Cytological shifts in the lymphoid organs, — - -— plasmo- 
blasts; —.—, titer of antitoxin in the blood; AT — injection of the 
crude anatoxin; PAT — injection of the precipitated anatoxin, 


Thus, use of the treated anatoxin, both for initial immunization as well as for revaccination, caused a 
generalized type of reaction in the lymphoid organs, i.,e,, the anatoxin behaved along the lines of a corpuscular 
antigen, as has been shown in the gertnerovskaya model by G, A, Gurvich and G, V, Shumakova [4]. 


The dynamics of the cytological changes in the regional node as compared with the antitoxin are pre- 
sented in Fig, 2. 


It is apparent from Fig, 2 that the intensity of the cytological and serological changes depends on the 
character of the initial immunization, A comparison of the cytological alterations with the curve of the anti- 
toxin formation shows that an accumulation of young forms of the plasma cell series precedes the appearance 
of antitoxin in the regional node and in the blood, 


The majority of investigators [1, 3, 6, 8] have indicated that the period of maximum antibody accumula- 
tion in the regional node precedes the cellular reaction, A detailed study of the cellular changes in the lymphoid 
organs was carried out by a number of authors [2, 8, 9, 10, 11, 12, 16}, 


Analyzing the responding reaction of the organism to the repeat injection of antigen, we see that the pat- 
tern of antitoxin formation does not depend on the character of the initial treatment of the animal, i.e., the 
regional node engages in the production of antitoxin first, With repeat injection of precipitated anatoxin the 
difference is seen in a more energetic and prolonged formation of the antitoxin by the regional node and by a 
brief participation of the remaining lymphoid organs in this process, 


We use the term “participation® because the development of antitoxin occurs as a result of active function 
of the distant lymphoid organs, and not through passive accumulation of the antitoxin in these regions, In the 
latter case the amount of antitoxin in the lymph nodes and spleen would rise in proportion to increases in the 
antitoxin level within the circulating blood, 


To support the difference we observed in the character of the lymphoid organs’ immunologic response to 
the administration of the different preparations, we set up a supplementary series of experiments, 
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For the initial immunization the rabbits were injected simultaneously, but separately, with two antigens, 
administered into the same paw: alum-treated diphtheria anatoxin and crude tetanus, After 10 months these 
animals were revaccinated with a suspension of the two antigens, without depot formation, 


With simultaneous reactivation of both anatoxins the lymphoid tissue reacted with an energetic production 
of antitoxin to the diphtheria anatoxin and a weak production against the tetanus, The pattern of participation 
of the lymphoid organs remained as before, i,e., the regional node remained the active producer of antitoxin, 


When the structure of the experiment was reversed these lymphoid organs responded with a high production 
of antitoxin to the tetanus anatoxin and a weak response to the diphtheria, 


On the basis of the experiments, carried out on 110 rabbits, we have postulated that the necessary level of 
antitoxin in the blood is essentially provided by the functioning of the regional node, 


This hypothesis is strengthened, in our opinion, by the experiments with extirpation of the regional node, 
In animals initially immunized with tetanus anatoxin certain organs were extirpated 48 hours after the injection 
of anatoxin, This series of experiments was carried out on 38 rabbits; in 10 the regional lymph node was removed 
in 8 — the contralateral node, in 10 the antigen depot was taken out, and the last 10 served as the control (with- 


out operative intervention), 


The investigation showed that without operative intervention during the period of immunogenesis there was 
no decrease in the accumulation of antitoxin in the blood, The titer of antitoxin on the 30th day reached 0,1- 
0.25 AE; at the same time, with extirpation of the regional node 48 hours after the injection of anatoxin there 
was a sharp decrease (from 10-20 times) in the production of antitoxin (the antitoxin titer was < 0,01 AE), 


Comparable results were obtained by Stavitsky [13, 14, 15] and L, N, Fontalin [5], under conditions of both 
initial immunization and revaccination as well, 


Thus, the experiments we carried out on a large number of animals disclosed a significant difference in the 
reaction of the lymphoid organs depending on the character of the preparation used for the immunization, 


Study of the antitoxin formation showed that initial injection of the antigen (crude or depot) is accom- 
panied by a weak production of antitoxin in the regional node, and complete absence of immunologic activity 
in the distant lymph nodes and spleen, 


The immunologic activity of the regional node increases sharply with repeat injection of the antigen, In 
this case the immunologic reactivity of the lymphoid organs is directly proportional to the intensity of the initial 
immunization, This appears especially distinctly with the use of preparations that differ in their dispersing prop- 
erty, Thus, crude anatoxin causes a high revaccination effect, limited to the regional node, The introduction of 
the same antigen to animals initially immunized with depot anatoxin is accompanied by intense synthesis of anti- 
toxin by the regional node and brief participation of the distant lymph nodes and spleen in this process, Finally, 
the same antigen, injected with 1% alum, causes an overflow type of reaction, with participation of the distant 
lymph nodes and the spleen, However, in the homogenates of the regional node the content of antitoxin is al- 
ways higher than in the other lymphoid organs, 


On the basis of the experiments carried out we have postulated that the necessary level of antitoxin in the 
blood is essentially provided by the functioning of the regional node, This hypothesis is strengthened by the ex- 
periments with extirpation of the regional node, the latter leading to a sharp decrease in the production of anti- 
toxin, 


We were able to show that the possibility exists of controlling the processes of antitoxin formation under 
revaccination conditions, One can limit the extent of this process to the bounds of the regional node by the in- 
jection of crude anatoxin, or expand the process throughout the entire lymphoid system by the use of a depot 

preparation, 


SUMMARY 


Experiments carried out on 110 rabbits were devoted to the comparative study of the relationship between 
immunological reactivity of lymphoid organs and the character of the antigen administered (crude and adsorbed) 
as well as the immunization scheme, Toxoid was injected subcutaneously into the inferior part of the posterior 
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extremity, Antitoxin was determined in dynamics in the regional and distant lymph nodes, as well as in the 
spleen and blood, As shown by the investigations, primary injection of the antigen , irrespective of its character, 
is accompanied by a weak regional lymph node antitoxin production and complete absence of antitoxin accumu- 


lation in the distant lymphoid organs, 


With repeated antigen administration the immunological activity of the regional lymph node showed a 
marked rise, Immunological reactivity of lymphoid organs is directly proportional to the intensity of the pri- 
mary immunization, Crude toxoid provokes a high revaccination effect limited to the regional lymph node. 
Administration of the same antigen to the animals which received adsorbed toxoid in primary immunization is 
accompanied by an intense antitoxin synthesis by the regional lymph node with a brief involvement into this proc- 
ess of distant lymph nodes and spleen, The same antigen administered with a 1% alum causes a diffuse type of 
reaction, 
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The resistance of tumors to drugs is one of the current problems of the chemotherapy of malignant disease, 
Tumor variants resistant to the action of certain chemotherapeutic compounds have already been produced ex- 
perimentally [4, 6], We have obtained variants of sarcoma 45 of rats resistant to the chloroethylamines and 
ethylenimines [2, 3], and also variants of Jensen's sarcoma resistant to embichin, The latter tumor was found 
to be the most suitable model for the study of certain aspects of drug resistance, for it is highly sensitive not 
only to chloroethylamines and ethylenimines, but also, as our investigations have shown, to compounds of other 
classes and groups, 


In order to approach the problem of the possible mechanism of development of drug resistance in tumors, 
we considered it to be of the utmost interest and importance to obtain clones derived from a single cell, 


Attempts to obtain tumor clones have been made in the past by many workers [5, 7, 8], but these experi- 
ments were carried out mainly on ascites forms of transplantable tumors in animals and in experiments in vitro, 
For our investigations it was essential to obtain clones of a solid transplantable tumor — Jensen's sarcoma, This 
tumor was obtained in 1907 from a grey rat which was injected with the pseudobacillus of tuberculosis, This 
tumor, which is a polymorphocellular sarcoma, is practically 100% transmissible [9]. 


EXPERIMENTAL METHOD 


The material for inoculation of animals with a single tumor cell was prepared as follows, The original 
Jensen's sarcoma, freed from necrotic areas, was carefully minced with scissors in sterile conditions to obtain 
a homogeneous pulp, A 0,25% solution of trypsin was then added, The suspension was incubated at 37° for 30 
minutes, and then centrifuged for 10 minutes at 1000 rpm, The supernatant fluid was removed and the residue 
was mixed with synthetic nutrient medium 199 to which calf serum had been added, The suspension of tumor 
cells in nutrient medium was diluted serially so that one drop of medium in the last dilutions contained single, 
isolated cells, With a fine capillary tube, under a binocular microscope, one cell was removed, clearly visible 
in the lumen of the capillary tube, 


The skin of young rats was pierced with the same capillary tube, the contents of which were injected 
subcutaneously by blowing through a rubber tube as shown in Fig, 1, so that a small air bubble was formed be- 
neath the skin together with the injection of the tumor cell, Most rats were inoculated subcutaneously in the 
dorsal region, and some in two places — in the right and left flanks, 
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Results of Inoculation of Young Rats with One Jensen Sarcoma Cell 


Experiment | Site of inoculation 


No, 


Beneath the skin of the 
dorsal region 


The same 


Beneath the skin of the 
right and left flanks 


The same 


Beneath the skin of the 
dorsal region 
The same 


Number 
of rats 


Age of rats 
First hours of life 


First hours of life to 
4 days 
First hours of life 


1 day 
2 days 


First hours of life 


2 days 


First hours of life 


Results of inocula- Clone No, 


tion 


Tumor successfully | Clone No, I 
inoculated in one 
rat 
Tumor not success- 
fully inoculated 
The same 


Tumor inoculated Clone No, II 
successfully in 
two rats 

Tumor Not success- 
fully inoculated 


The same 


Clone No, III 


Fig, 1, Inoculation of new born rat with a single Jensen 
sarcoma cell, 


The ages of the youngs rats selected for the experiment ranged from a few hours to six days, 


EXPERIMENTAL RESULTS 


The results of the experiments are presented in the table, 


It is clear from the table that altogether 165 rats were inoculated, 136 beneath the skin of the dorsal region 
and 29 in both flanks, Tumors developed in only three rats: in one animal inoculated beneath the skin of the 
dorsum (Fig. 2) and in two rats inoculated in both flanks, which each developed one tumor, 


It must be pointed out that in all three successful cases the tumors developed in young rats inoculated 


during the first hours of life, 


The developing tumors grew rapidly, and on the 25th-30th day after inoculation they had attained weights 
of 6,7, 1.5 and 15,3 g respectively, when they were transplanted into adult rats by the ordinary method, 
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Fig. 2. Young rat with tumor developing at the site of in- 
oculation of one cell, 


Fig. 3. Morphology of the original Jensen's sarcoma and 
of its three clones, a) Original Jensen sarcoma; b) clone I; 


c) clone II; d) clone III, Stained with hematoxylin-eosin, 
Magnification 400x, 


Three clones I, II and III were thus obtained, The rate of successful inoculation of the tumors of all three 
clones into adult rats was subsequently 100%, The tumors grew very quickly and on the fourth day after trans- 
plantation their average diameter was 7-8 mm, and on the 18th-20th day their average weights were 48,6 g 


4a 
3 


(clone I), 50,4 g (clone II) and 42,3 g (clone III), Meanwhile the average weight of the original tumor at this 
period had reached 25-30 g, It should also be pointed out that the dimensions of the tumors of the different 
clones in the individual rats were very similar, especially in the first generations (low variability) which is not 
usually observed during transplantation of the original tumor, 


Morphological examination of sections stained with hematoxylin-eosin showed no significant differences 
between the morphology of the three clones, as is observed when clones are obtained in tissue culture [1], A 
photomicrograph of the original Jensen sarcoma and of its three clones is shown in Fig, 3, 


Further investigations showed that the clones thus obtained differed from each other in their sensitivity 
to certain chemotherapeutic preparations such as, for example, embichin, omain and myleran, 


SUMMARY 


In inoculating a single cell of Jensen's sarcoma to newborn ratlings three clones of this tumor were obtained, 
The clones grown by the usual method on adult animals were characterized by a more rapid growth than the initial 
Jensen's sarcoma, There were no significant morphological differences between the initial tumor and its clones, 
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In previous research [3, 4] we have shown by means of immunological reactions and the tissue culture 
method that saline extracts of a transplanted tumor of rats ~ Gueren’s carcinoma — and normal rat's uterus possess 
different antigenic properties, It was considered of interest to find out whether differences are present in the 
antigenic properties of nuclear components of the cells of these tissues, and in particular of the desoxyribonucleo- 
proteins (DNP), Several papers have now been published on this subject, but their findings are contradictory, 
Some writers [1, 2, 8], for instance, point out that the desoxyribonucleoprotein isolated from malignant tissue 
possesses a definite element of antigenic specificity which is not present in normal tissue, Other writers [12], 

on the other hand, consider that DNP isolated from malignant tissue has no specificity by comparison with the 
DNP isolated from the homologous normal tissue, Moreover, the DNP of malignant tissue is simplified in an 
anitgenic respect by comparison with the DNP of the corresponding normal tissue, 


Defendi and Colter [9] isolated a DNP from human cancer cells with which they immunized rabbits intra- 
muscularly, The antisera thus obtained, in the opinion of these workers, acted more intensively on the growth 
of homologous cells in tissue culture and less intensively on the growth of cultures of some normal human tissues, 


The aim of the present research was to study the immunobiological properties of desoxyribonucleoproteins 
isolated from a malignant tumor and from homologous normal tissue of experimental animals, 


EXPERIMENTAL METHOD 


DNP was isolated from Gueren's carcinoma and from normal rat's uterus by the method of Mirsky and 
Pollister [11], The DNP isolated from cancer tissue was conventionally called CDNP and that from normal 
tissue NDNP, The preparations isolated were identified by the following characteristics (Table 1); the content 
of desoxyribonucleic acid (DNA), determined spectrophotometrically [6]; the nitrogen content, determined by 
Kjeldahl’s method (with determination of the nitrogen concentration by Nessler's micromethod); the molecular 
weight of the DNA forming a component of the DNP of each tissue, determined viscosimetrically [7]. 
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TABLE 1 
Chemical Characteristics of the DNP Preparations Isolated 


Ratio of | Concentration (in mg/ml) | Limiting | Asymmetry |Molecular 
nitrogen viscosity | of molecules] weight of 


to phos- 
phorus 
(N/P) 


Molecular weight 
of DNA forming 
component of 
DNP 


aration 
aration 


NDNP 3,9 
CDNP 3.8 
NDNP 3.6 
CDNP 3.3 


TABLE 2 


Results of Cultivation of Gueren’s Carcinoma and Tissue of Normal Rat's Uterus in Sera of Normal Rabbits and 
of Rabbits Immunized with NDNP and CDNP 


Normal uterus 


number of results of cultivation 
cultures 
in experi- 


ment 


number of 
cultures 

in experi- 
ment 


Type of serum intensive | destruction |no 


On the 3rd day of explanation 


Serum of normal 126 0 125 
| rabbits 14,6 25.4 54,0 8.8 37,2 
Serum of rabbits 132 127 126 _34 
immunized with 1.5 96,3 20,3 26.6 53,2 
CDNP 
Serum of rabbits 127 133 24 68 
rat immunized with 29,1 9.4 61,5 18,0 30,0 52,0 


NDNP 
On the 5th day of explantation 


Serum of normal 126 119 5 2 125 82 34 9 " 


‘ rabbits 94,4 3.9 1.7 65.8 | 26.6 7.6 
4 Serum of rabbits 129 0 1 122 126 25 | 33 68 
4 immunized with 5.4 94.6 19.8 26,1 54,1 
19 CDNP 

7 Serum of rabbits 127 49 20 58 133 24 44 _65 

immunized with 38.5 ‘15.7 | 45.8 18,0 | 51.7 


NDNP 


Numerator — number of cultures showing signs of growth; denominator — percentage of these cultures, 


It will be seen from: Table 1 that the DNP preparations isolated were equal in their content of protein and 
DNA. In preparations 2a and 2b there were differences in the viscosity and molecular weight of the DNA form- 
ing a component of the DNA. We considered, however, that it was possible to use them in the experiment, for 

the available evidence [10] of the connection between the biological activity of DNA and its molecular weight 
shows that the biological activity is preserved in polymers with a molecular weight greater than 1 million, The 
results obtained in our work on the study of the immunobiological properties of preparations 1a and 1b on the one 
hand, and 2a and 2b on the other, confirm this view, for they were found to be identical, In the principal ex- 
periment chinchilla rabbits were injected intratesticularly and intramuscularly with 10 m1 of the DNP preparations 
la, 1b, 2a and 2b according to the scheme which we described previously [5]. 
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Prep- 
DNA number | (a/b) 
100 ml/g 
0.4 0,575 17,3 179 9,45 ° 10° 4,0°10° 
0.4 0,545 20,2 193 10,7+10°|  4,7+108 
0,2 0,236 27.0 223 13,5-10°|  6,0+10° 
0,2 0,200 16.6 175 7,67°10°| 3,6+10° 
Gueren’s carcinoma = 
results of cultivation 
7 
growth jof cells in | growth prowth = 


Me. 


Fig. 1. Living culture of the epithelium of Fig, 2. Zone of growth of a 5-day culture 
the uterine mucosa of a rat on the fifth day of Gueren's carcinoma explained in the 

of explantation in normal rabbit serum, Di- serum of a rabbit immunized with CDNP, 
lution of serum 1:1, Magnification 268x, Dilution of serum 1:1, Magnification126x, 


TABLE 3 


Results of Subcutaneous Inoculation of Normal Rats with the Whole Blood of Animals with a Tumor, after Treat- 
ment of the Blood for 45 Minutes in Vitro with the Sera of Rabbits Immunized with CDNP and NDNP 


Material used for | Number of ___ Results of inoculation __ 

treatment of blood| animals in | number of | number of | time of time of appear- | duration of survival 
of animals with experiment | successful unsuccessful | appearance | ance of after inoculation of 
carcinoma inoculations | inoculations | of tumors | metastases tumor (in days) 


Serum of rabbits 

immunized 

with CDNP 
Serum of rabbits 

immunized 

with NDNP 
Serum of un- 

immunized 

rabbits 15 71-12 30-35 
Saline solution 13 6-11 28-32 
Blood untreated 17 13-15 26-30 


The antisera obtained from these rabbits were then tested in two variants of experiments; a) in tissue cul- 
ture and b) in vitro experiments on inactivation of malignant cells present in the blood of rats with a metastasiz- 
ing Gueren's carcinoma, 


Gueren's carcinoma and the epithelium of the uterine mucosa were cultivated by the method which we 
have described previously [4], with the addition to the culture of normal rabbit sera and sera of rabbits immune 
to NDNP and CDNP in a 1:1 dilution, 


“4 “4 

| (in days) 

47-54 
32-43 
: 
42-48 
we 40-43 
36-50 
or 
# 
i 

351 


In the second variant of the experiments, blood was taken with a glass syringe from the heart of the rats 
with carcinoma at the moment of appearance of metastases, and placed into a sterile glass receiver of 40-50 ml 
capacity, and to it was added heparin solution to prevent the blood from clotting, The blood was then mixed to 
obtain a homogeneous mass, and this was transferred ip equal volumes to sterile Wassermann tubes, To each 
tube containing blood in proportions of 1:1 we added; a) saline solution (1st control), b) normal rabbit serum 
(2nd control), c) serum of a rabbit immunized with NDNP, and d) serum of a rabbit immunized with CDNP, These 
substances were not added to certain tubes (3rd control), The tubes were incubated at 37° for 45-50 minutes, At 
the end of this time 1 m1 of blood from the tubes was injected subcutaneously into young male rats (in the case 
of the blood to which nothing had been added, 0,5 m1 was injected), 


EXPERIMENTAL RESULTS 


The rabbit sera were tested in tissue culture in five experiments, 


The combined results obtained on the 


third and fifth days of explantation are given in Table 2, 


During the explantation of Gueren's carcinoma in normal rabbit sera not containing antibodies, of the 
126 cultures on the third day of the experiment 94 (74,6%) showed growth, and on the fifth day 119 (94,4%) 
showed growth, In the latter case a few cultures (3,9%) had areas of ce!l destruction in the zone of growth, but 
in by far the majority of cases (94,4%) normal rabbit serum had no perceptible inhibitory action on the growth 
of the tumor tissue explants, A rather lower intensity of growth was observed during cultivation of epithelium 
of the uterine mucosa in the same sera, but in this case, for example on the fifth day of the experiment, more 
than half the pieces of tissue (65,8%) showed growth, The cultures of the epithelium of the uterine mucosa of 
the rat grew exclusively in the form of single-layered epithelial membranes consisting of polymorphic cells 


with one, two or even three nuclei (Fig, 1). 


cells (26.6%). 


PRS 
‘te 


Fig, 3. Living culture of the epithelium 
of the uterine mucosa of a rat on the fifth 
day of explantation ‘n the serum of a rab- 
bit immunized with CDNP, Dilution of 
serum 1:1, Magnification 268x, 


In some cultures the zones of growth consisted of destroyed or lyzed 


A different picture was found when tumor or normal tissues 
were cultivated in the sera of rabbits immunized with NDNP and 
CDNP, Of 132 explants of Gueren's carcinoma cultivated in the 
sera of rabbits immunized with CDNP, only 2 (1.5%) showed 
growth on the third day of the experiment, and on the fifth day 
of the experiment there was no culture which had a zone of 
growth consisting of viable tumor cells (Fig, 2), 


The sera of rabbits immunized with CDNP also had an in- 
hibiting action on the growth of explants of the normal uterus, 
but this action was weaker than in the first case, For instance, 
of 126 explants of normal uterus, on the third day of the ex- 
periment 26 pieces of tissue in culture (20.3%) showed growth, 
and on the fifth day 25 pieces (19.8%), One such culture of 
normal uterus explanted in the serum of a rabbit immunized 
with CDNP is shown in Fig, 3, These results show that the sera 
of rabbits immunized with CDNP differ in the intensity of their 
action on the growth of tumor tissue and of homologous normal 
tissue, 


The action of the sera of rabbits immunized with NDNP 
on the experimental cultures was somewhat weaker, For in- 
stance, of 127 explants of Gueren's carcinoma cultivated in such 
sera, on the fifth day of the experiment 49 (38,5%) showed growth, 
These sera had a more intensive inhibiting action on the growth 
of cultures of normal uterus: of 133 explants, on the fifth day of 
the experiment 24, or 18%, showed growth, 


It is quite probable that sera of this type should be less 


active serologically than the sera of rabbits immunized with 


CDNP, In view of the results of our experiments, however, it may be postulated that the sera of rabbits immu- 
nized with CDNP have a greater immunological affinity for the antigens contained in the DNP of tumor tissue 
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than those in the DNP of normal tissue, If this were not so, then the sera of rabbits immunized with CDNP would 
have an equal inhibiting action on the growth of both tumor tissue and normal tissue, We did not, however, ob- 
serve this, 


In the second variant of the experiments on the inactivation of malignant cells in the blood stream of rats 
with a progressively growing Gueren's carcinoma by means of the sera of rabbits immunized with CDNP and NDNP, 
the following picture was found (Table 3), 


Altogether four such experiments were carried out, the results of which are summarized in Table 3, It will 
be clear from the results given that the sera of rabbits immunized with CDNP had the strongest inactivating action 
on the malignant cells present in the blood of the animals with carcinoma, For instance, of the 26 rats inoculated 
subcutaneously with the blood of animals with carcinoma, treated with these particular sera, tumors of the Gueren's 
carcinoma type developed in only four experimental animals, or in 15,3% of cases, The sera of rabbits immunized 
with NDNP were less effective in this experiment: of the 26 rats which were inoculated with the blood of rats with 
carcinoma, treated with these sera, tumors developed in 12 (46,1%), i.e., the incidence of development was three 
times greater than in the first case, 


In the control animals tumors developed in 62,5-77,2% of cases, An interesting picture was observed in 
those rats which were inoculated with whole blood from animals with carcinoma, treated with the sera of rabbits 
immunized with CDNP, These rats developed at the site of inoculation a severe inflammatory reaction with the 
formation of large, firm nodules, resembling tumors in their external appearance, On the 8th-15th day these 
nodules began to decrease in size, and eventually they disappeared completely, Some nodules ulcerated and be- 
came necrotic, finally undergoing regression, 


The results obtained thus show that the sera of rabbits immunized with CDNP possess comparatively more 
marked carcinolytic properties than the sera of rabbits immunized with NDNP, Whereas the sera of the first type 
completely inhibit growth of tumor tissue during explantation, the growth of the homologous normal tissue in 
the same conditions is inhibited far more weakly, From this fact two hypotheses may be put forward; 1) either 
CDNP contains antigens which are not present in NDNP, or 2) antigens present in NDNP are not found in CDNP, 


The results of the second variant of experiments, namely the inactivation of malignant cells in the biood 
stream of animals with carcinoma, which was shown by our experiments to be possible, may be utilized as a 
method of testing the antitumor action of various biological antitumor preparations both in vivo and in vitro, 


SUMMARY 


Sera of rabbits immunized with DNP isolated from Gueren carcinoma tissue in conditions of explantation 
exert a more pronounced cytotoxic effect on the growth of homologous tumor tissue cultures than on that of the 
homologous normal tissue cultures (rat uterus), Sera of rabbits immunized with DNP isolated from the tissue of 
normal rat uterus excercise an identical effect on the growth of the tumor and homologous normal tissue explants, 
At the same time sera of rabbits of the first type were more effective with respect to inactivation of malignant 
cells in the blood of animals suffering from cancer than the sera of the second type, or the sera of rabbits im- 
munized with DNP, isolated from the tissue of normal uterus, Evidently DNP, isolated from the cancer tissue, 
possesses some degree of specificity, but on the other hand — contains the same antigens, as DNP, isolated from 
normal tissue, 
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During recent years intensive research has been conducted in the Laboratory of Experimental Chemo- 
therapy of the Institute of Experimental and Clinical Oncology in the quest for antitumor preparations among a 
the complex alkylating metabolites, i.e,, substances inwhich various metabolites, for example amino acids, 
vitamins, heterocyclic compounds and so on, are combined with amino acid derivatives of chloroethylamine 
or with phenylalkanecarbonic acids by means of a peptide, amide or ester bond [2, 3}, In particular, the peptides 
of sarcolysin, which show high experimental antitumor activity, have been obtained in this way [4], 


In the present communication we describe experimental data concerning a new preparation of this type, 
which is an amide of N-acetylsarcolysin and amino-thiazole, the thiazole ring of which is a component of 
vitamin B,. This preparation, which is called “asazol,” has the following structure: 


CICH, — CHy\, 
n—7 \ — CH, — CH — CONH — | | 


NHCOCH, YY 


CICH, — CH, / Wes 


(thiazolyl-2) amide of N-acetylsarcolysin, 


Asazol was synthesized by Berlin and Bronovitskaya [1] in the Laboratory of Chemical Synthesis of the 
Institute of Experimental and Clinical Oncology, The preparation is stable on storage, readily soluble in chloro- 
form and alcohol, and insoluble in water, 


EXPERIMENTAL METHOD 


Asazol was investigated experimentally in mongrel mice, rats and cats, suspensions of the preparation in 
starch paste being administered intraperitoneally or by mouth, In order to assess the antitumor properties of 
oe asazol we used rats with developing transplanted tumors, namely spindle-cell sarcoma 45, polymorphocellular 
sarcoma M-1, Jensen's sarcoma, Gueren's carcinoma, Walker's carcino-sarcoma, alveolar carcinoma of the 
liver RS-1, and the following tumors of mice: sarcoma 298, carcinoma of the mammary gland RMZh, squamous 
cell carcinoma of the forestomach OZh-5, Crocker's sarcoma, Ehrlich's tumor and lymphosarcoma LI0-1, The 
criterion of the antitumor activity of the preparation was the degree of inhibition (in %) of growth of the tumors, 
calculated from the mean weights of the tumors in the control and experimental groups, The statistical signific- 
ance of the results was verified in accordance with Student's formula, For the difference calculated by this 
method to be significant, the value of "p" must be not less than 0,955, 
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EXPERIMENTAL RESULTS 


A single intraperitoneal injection of the drug showed that asazol is a compound of low toxicity, MLD4o9 
of the compound for rats is 1 g/kg body weight, and MLDgg is 0,5 g/kg body weight, Because asazol is not com- 
pletely absorbed when given by intraperitoneal injection, we subsequently gave it by mouth, In experiments in 
which asazol was given in frequent doses by mouth it was found that the therapeutic dose for rats is 25 mg/kg 
once daily, 40 mg/kg once every two days, or 60-65 mg/kg once every three days, The best therapeutic results 
and the optimal tolerance of the drug were observed when it was given at intervals of 48 and 72 hours, Mice 
were found to be less sensitive to asazol than rats, For instance, the daily therapeutic dose for mice is 100 mg/kg, 
and when given at intervals of 48 hours, 350 mg/kg body weight (Table 1), 


TABLE 1 
Sensitivity of Mice and Rats to Asazol 


Method of adminis- MLD MLD 
Animal tration of preparation (in mg/kg) (in mg/kg) Therapeutic dose 


Intraperitoneally 000 500 
24 
40 60 
48 


By mouth 


In*raperitoneally 


Mouse 


| 
| By mouth 
| 


Note: Numerator: sessional dose of preparation (mg/kg body weight), denominator: 
interval between administration of individual doses (hours), 


The results of the antitumor action of asazol are shown in Table 2, It will be seen from Table 2 that 
asazol inhibits the growth of sarcoma 45 by 99.4% and causes total regression of tumors in 60% of treated rats, 
Close to sarcoma 45 in its sensitivity is sarcoma 298, which not only reacts to asazol by considerable inhibition 
of growth, but also undergoes complete absorption in 50% of treated mice, 


The study of the action of asazol on the other transplantable tumors showed considerable inhibition of 
growth not only of sarcomas (strains M-1 and Jensen), but also of some epithelial tumors (Gueren’s carcinoma, 
carcinoma of the liver RS-1, and carcinoma of the mammary gland RMZh), Asazol had no effect, however, on 
growth of the squamous-cell carcinoma of the forestomach OZh-5 and lymphosarcoma LI0-1, An unexpected 
discovery was that, in these doses, asazol stimulated growth of the undifferentiated Crocker's sarcoma, 


Comparison of asazol with sarcolysin shows certain differences in the spectrum of their antitumor action, 
According to Trusheikina [5], for instance, sarcolysin causes considerable inhibition of growth of lymphosarcoma 
LI0-1 (by 90%) and leads to complete absorption of the tumors in individual mice, whereas asazol has no effect 
on this tumor, As Trusheikina's investigations [5] showed, moderate inhibition of growth of Crocker's sarcoma 
(by 45%) takes place as a result of the action of sarcolysin, Asazol, however, showed the opposite action on 
Crocker *s sarcoma, and caused appreciable stimulation of its growth, 


Therapeutic experiments on rats with sarcoma 45 showed that asazol causes moderate depression of hemo- 
poiesis, Under the influence of a therapeutic dose of 65 mg/kg body weight, given every 72 hours, at the end 
of treatment the white cell count in the peripheral blood of the rats had decreased by 60%, 
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TABLE 2 
Action of Asazol on Transplantable Tumors 


Inhibition] Absorption | Criterion 
of reli- 
ability 


Tumor strain 


Sarcoma 45 99,4 
Sarcoma M-1 98,0 
Jensen’s sarcoma 97,0 
Gueren's carcinoma 93,0 
Sarcoma 298 88,0 
Carcinoma of liver RS-1 79.0 
Carcinoma of mammary gland RMZh 76,0 
Ehrlich's tumor 64,0 
Walker's carcino-sarcoma 61,0 
Carcinoma of forestomach OZh-5 17.0 
Lymphosarcoma LI0-1 - 

Crocker's sarcoma Stimu- 

lation by 


19-64% 


The effect of asazol on hemopoiesis was also studied in cats receiving eight daily doses of 20, 30 and 40 
mg/kg body weight of the preparation by mouth, With a dose of 20 mg/kg of asazol the morphological picture 
of the cats’ blood was unchanged, Under the influence of doses of 30 and 40 mg/kg body weight, 50-100% greater 
than the therapeutic dose for rats, a moderate leukopenia developed in the period of administration of the drug. 
After cessation of administration of asazol in a dose of 30 mg/kg the fall in the white cell count persisted, but 
not for so long or to such an extent as after the dose of 40 mg/kg. The leukopenia developing after 30 mg/kg 
was reversible, whereas after a dose of 40 mg/kg a very profound and persistent leukopenia developed, The 
differential white cell count showed that the fall in the total white cell count was mainly attributable to a de- 
crease in the absolute number of neutrophils, and to a lesser degree to a decrease in lymphocytes, 


Hence, if overdosage is avoided, the depressing action of asazol on leukopoiesis is moderate and reversible, 
No effect of asazol on the red cell count was observed, 


SUMMARY 


The authors studied antiblastic properties of a new preparation (thiazolyl-2) amide N-acetylsarcolysin 
(asazol), Asazol possesses a marked antiblastic effect with respect to a number of transplantable tumors, How- 
ever, the action of asazol exerted on various tumor strains differed: in some cases complete regression of the 
tumors and their considerable inhibition occurred whereas in others — antiblastic action was absent and the tumor 
growth was even stimulated, The range of antiblastic effect of asazol differed from that of sarcolysin, Asazol 
produces a moderate depressive effect on hemopoiesis, Clinical tests of the drug are recommended, 
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Despite the large number of investigations devoted to studying the regeneration of the liver in mammals, 
the question of its structural characteristics during regeneration following various forms of injury remains in- 
adequately examined, 


Study of the structural characteristics of the regenerating organ presents dual interest: on the one hand, 
these characteristics cannot help but reflect the organ's functional activity, and, on the other, it is important 
to establish to what extent new structures or functional units can arise in the organs of mammals, The forma- 
tion of new structural components has already been shown possible for a number of mammalian intemal organs, 
in association with their regeneration (acini of the salivary gland [1], villi of the intestine [2], excretory and 
endocrine portions of the pancreas [7, 8, 10], follicles of the thyroid gland [5], etc.), 


The data in the literature pertaining to the possibility of liver regeneration including the formation of 
new structural units — lobules — is scanty and extremely contradictory, In a previous investigation we showed 
[13] that after lobes of the liver were completely removed in rats there ensued hypertrophy of the hepatic lob- 
ules in the remaining lobes, accompanied by an increase in the distance between the central veins, Formation 
of new lobules was not observed in association with this type of operative intervention, Nevertheless, individual 
authors [6, 9] indicate that the formation of new liver lobules is possible, particularly when the liver is regenerat- 
ing following the infliction of a perforating injury in one of the lobes of that organ, 


In this work we continued the study of the structural properties in the regenerating liver; we investigated 
the character of the regenerative reaction and of the reconstituting processes caused by the presence of a damaged 
surface, In this case, the injury was created by inflicting perforating and marginal wounds in the organ, 


EXPERIMENTAL METHOD 


In the experiment we used white male rats, 200-250 g in weight, In the first series 60 rats were employed, 
a continuous perforation being applied to the distal portion of the left lateral lobe of their livers; a surgical punch 
was used, leaving a wound 4 mm in diameter (the portion removed weighed 32 mg), In the second series we re- 
moved the inferior margin of the left lateral and central lobes of the liver in 60 rats, The portion removed 
weighed approximately 1/3 of the total mass of the organ (2,230 mg, with a total liver weight of 9,850 mg). 


In both series of experiments the injured surface was not treated in any way, The regenerating liver was 
investigated on the 8th, 15th, 30th, 45th, 60th, 75th, 90th and 180th day following the operation, For histological 
investigations the liver was fixed in a 10% solution of formalin, and paraffin sections were stained with hema- 


; 
4 
4 
ad 
a 
q 
Ag 
4 
F 
q 
k 
i 
4 
4 4 
4 
4 
> 
= 
358 
hall 


toxylin-eosin, Mallory, and Van Guisen stains, To study 
the structural changes and the appearance of the contours 
to the hepatic lobules, we injected the hepatic vessels 
with an India ink suspension containing gelatin, following 
a method previously described [13], Treatment of the 
preparations and the drawing and measurement of the in- 
dividual lobules was carried out in the same manner as in 
the foregoing investigation, 


EXPERIMENTAL RESULTS 


Inasmuch as the histogenetic processes occurring in 
regeneration of the liver have been described in detail 
[4, 6, 9, 12], we are only concerning ourselves with cer- 
tain moments, which, as will be seen, engender the struc- 
tural changes in the organ, 


Fig. 1, Arrangement of the marks with India 
ink about the round opening in the left lateral 
lobe of the liver, a) At time of operation; b) 
2 weeks after operation, The outcome of the operative procedure in the first 
series of experiments was not uniform, In some cases we 
observed a small zone of necrosis around the wound aperture, while in others there arose a coniform infarct of 
the liver parenchyma from the aperture down to the distal edge of the lobe, a result of significant trauma to the 
vessels supplying the periphery of the lobe, In both cases, a scar formed at the site of the injury by the 30th 
day, arranged in the form of a small spider-like growth at the location of the former aperture or extending like 
a band along the original wedge-shaped infarct, Mitoses were only observed in the liver cells in the early periods 
of regeneration and were in small number, this being related to the minimal volume of parenchyma removed 
during the operation, They were usually localized near the site of the trauma, In the late observation periods 
marked histogenetic changes did not occur at the site of the defect, with the exception of a decrease in the di- 
mensions of the scar and degeneration of the growing bile ducts, 


If healing of the wound occurred without the formation of a coniform infarct, then in the beginning stages 
of hepatic regeneration the impression was created that the parenchyma around the margins of the wound was 
contracted by the forming scar, As a result of this, division of the parenchyma into lobules was virtually absent 
at this time, We set up special experiments in order to clarify whether the liver tissue grew out from the wound 
edges or whether it was actually pulled out by the contracting defect, It was observed that the marks made on 
the parenchyma with India ink during the operation, arranged in a circle around the wound opening, were still 
clearly seen after 2 weeks, but were located considerably nearer to each other (Fig, 1), While at the beginning 
of the experiment the area of the opening and the parenchyma enclosed by the marks was equal to 78,50 mm’, 
after 2 weeks it was reduced to only 11,35 mm? (these averages are taken from the measurements in three cases), 
Beginning with the 30th post-operative day and later it became apparent that the lobules surrounding the site 
of the original opening were deformed and markedly hypertrophied (Fig, 2,a) while they possessed normal size 
and form at a distance from the site of trauma (Fig,2,b). Special measurements of the size of the lobules near 
the site of the original opening and at a distance from it, performed at all periods of the regeneration up to 6 
months, supported our observation (Table 1), 


In Table 1 we find an increase of 1,9 times in the average area of the lobule for 2-3 animals, In each of 
the cases we counted 6-14 lobules, 


Deformation of the lobules near the original defect was caused by stretching of the parenchyma by the 
forming scar, and their hypertrophy ensued only near the site of injury, this being related to the removal of a 
small amount of liver tissue, This, the processes of proliferation only involved the area of parenchyma surround- 
ing the site of trauma, not extending the distance to the uninjured portion, Along with this, the dimensions and 
form of the lobules in the uninjured part of the lobe were not altered, We were unable to detect processes in- 
volving the formation of new lobules in this series of experiments, 


In the early stages of observation, in the second series of experiments, we noted a small zone of liver 
parenchyma near the wound surface which was undergoing necrotic changes. 


Proximal to this zone we observed a leuko-histocytic wall, sharply dividing the zone that was undergoing 
degeneration from the uninjured portion of the organ, 
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TABLE 1 


Dimensions of the Hepatic Lobules in Association with Regeneration of the Liver Following the Infliction of Per- 
forating and Marginal Wounds 


Nature of the operative procedure 
infliction of a perforating wound control 
area of a section | area of a section | area of a section | area of a section | area of a section of 
of liver lobule in | of lobule at the | of lobule in the | of lobule at the lobule (in mm’) 
the untraumatized | wound surface untraumatized wound surface 
portion (in mo’) | (in mm’) portion of the (in mm) 
lobe (in mm’) 


after operation 


Time elapsed 
(in days) 


135 Contours of the 326 Contours of the 
lobules poorly lobules poorly 
defined defined 
The same The same 

249 147 
259 182 
292 148 


a 


tr 


Fig, 2, Deformation of the hepatic lobules at the scar, a) On the 30th day following 
infliction of a round perforation in the left lobe of the liver; b) liver lobules of nor- 
mal form and size on the upper region in the untraumatized portion of the same lobe, 


On the 2nd-3rd post-operative day we observed a large number of dividing liver cells, Mitoses were en- 
countered both in the traumatized lobes as well as the hepatic lobes not subjected to injury, We were unable 
to note a principle localization of the mitoses at the wound surface (Table 2), 


In subsequent intervals (10th-14th day) we observed only bile duct and vascular growth, resorption of the 
products of necrosis, and formation of young scar tissue, at the wound surface, The latter subsequently grew along 
the pathway of the vessels in the parenchyma by small extensions, compressing to a slight degree the liver par- 
enchyma growing within, As a result, small projections formed on the wound surface, in the form of festoons, 

At this point it should be noted that no growth of the liver parenchyma from the wound edge occured in this case, 
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TABLE 2 


Time elapsed 
after opera- 
tion (in days) 


Fig. 3. Newly formed liver lobules at the 
wound surface on the 60th day after mar- 
ginal removal of a portion of the liver 


parenchyma, 


Mitotic Activity of the Liver Cells Following Removal of 1/3 of the Liver 


No, of the 
animal 


The liver regeneration that ensued was of the regeneration hy- 
pertrophy type, i.e., as a result of proliferative processes through- 
out the entire organ, By the 30th day and beyond the wound 
surface of the traumatized lobes was covered by a compact thin 
scar, and the large portion of the bile ducts growing at the 
wound surface had degenerated, 


Number of mitoses per 6,000 liver cells 


traumatized 
lobe 


untraumatized 
lobe 


The results of studying the structural changes were the 
following, Initially the lobular structure was poorly defined 
in the traumatized lobes, After the 14th day the structure of 
the individual lobes became clearly demarcated, especially 

at a distance from the site of injury. Here the lobules were 
observed to be hypertrophied, At the very edge of the wound 
surface during the early periods, observation of the lobules 
showed them to be generally indistinct, or so deformed that 
nothing could be said about their form or magnitude, However, 
beginning with the 30th day we could distinguish a clearer por- 
tion of the parenchyma at the wound surface, often rather well 
structured, In this portion, along with enlarged lobules, we en- 
countered lobules of small dimensions and normal form, At 
later intervals it was also possible to frequently observe fine 
lobules in the sections, single or in groups (Fig, 3), 


Based on measurements of the dimensions of the individ- 
ual lobules, we are of the impression that in association with 
this type of operative procedure it is possible for new lobules 
to be formed at the wound surface in addition to the hyper- 


trophy of hepatic lobules which occurs throughout the fundamental mass of the organ, The dimensions of the 
newly formed lobules are smaller than normal or are close to the dimensions of the lobules in the control ani- 


mals (see Table 1), 


It should be emphasized that the number of newly formed lobules at the wound surface is rather small, 


and the lobules are not always clearly defined, They can probably only arise under certain conditions, created 
at the wound site, The very fact that it is possible for liver lobules to be newly formed in the postnatal period 
during regeneration is of unquestionable interest, In all probability, the means by which the new lobules are 
formed is analogous to what is encountered in the liver of newborn rats [14], It is interesting to note that the 
times of appearance of the newly formed structural units of the liver — lobules (25-30th day), coincide with 
those associated with the arisal of new glomeruli in the kidney [11] and alveoli in the lung [3] during regenera- 


tion of these organs following removal of an appreciable portion, 
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The general reaction of the liver to removal of a major portion of it (1/3) is reflected by hypertrophy of 
the hepatic lobules throughout the remaining mass of the organ, This is a result of proliferative processes involv- 
ing the entire organ in the early stages of regeneration (see Table 2), Basically, the processes which occur here 

are similar to those which take place in association with the removal of entire lobes of the organ, 


SUMMARY 


Experiments were staged on male albino rats weighing 200-250 gm, In the first series of experiments a 
perforating wound of the liver (4 mm in diameter) was inflicted with a metal instrument, In the second series 

of experiments distal portions of the left lateral and central lobes of the liver (constituting in all about 1/3 of 
the organ) were removed, A scar formed in both series of experiments; there was no parenchyma growth on the 
wound surface, In the first series of experiments hepatic lobules were deformed and hypertrophied during re- 
storation only in the area adjacent to the wound, Characteristic of the second series of experiments was hy- 
pertrophy of the lobules in the whole of the organ, In a number of cases close to the wound surface newly formed 
hepatic lobules were noted in the second series of experiments, 
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‘ 
« 
4 
4 
ng 
4 
4 
3 
q 
a 
“abi 
ve 
‘ 36 
2 
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ON THE MITOTIC ACTIVITY OF UTERINE EPITHELIUM IN MICE 


O, I, Epifanova 


Laboratory of Histophysiology (Head — Candidate of Biological Sciences V, N, 
Dobrokhotov), Institute of Experimental Biology (Dir, — Prof, I, N, Maiskii), 

Akad, Med, Nauk SSSR N, N, Zhurkov-Verezhnikov) 

Translated from Byulleten* Eksperimental 'noi Biologii i Meditsiny, Vol, 51, No, 3, 
pp. 102-105, March, 1961 

Original article submitted July 5, 1960 


The mitotic activity of the uterine epithelium in mice can be characterized throughout a full cycle as a 
diphasic curve [1, 2], The first increase in the number of cell divisions, observable in the proestrus, coincides 
with an increase in the concentration of folliculin in the blood; the second increase occurs in the transition from 
metaestrus to diestrus, and, on the other hand, takes place during a fall in the blood concentration of estrogens, 


The question of the type of effect that the estrogens have on the mitotic activity of uterine epithelium in 
mice has been investigated by us in experiments involving the administration of folliculin (estrone) to castrated 


females [3]. It was shown that estrone stimulates cell division in the iterine epithelium of mice only after the 
first injections, Continued administration of the hormone leads to a lowering of the mitotic activity and its 
maintenance at a low level, Cessation of the estrone injections causes a large elevation in the mitoric activity, 


The results obtained suggested that in the process of estrogenic regulation of the mitotic effect the final 
effect depends not only on the presence of a stimulator in the organism, but also on the reactivity of the epi- 
thelial tissue itself, i.e,, on its initial state at the moment of exposure, 


The purpose of this work to test this hypothesis, and to investigate the question of possible reasons for the 
inhibitory effect of repeated estrogen injections on the mitotic activity of uterine epithelium. 


EXPERIMENTAL METHOD 


Sexually mature females were used in the experiment, 20 g in weight (about 200 mice), All the animals 
were castrated 20 days before the beginning of the experiment, Folliculin (estrone) was administered daily by 
means of subcutaneous injections in a dose of 2,5 per 0,1 ml of apricot oil, 


The same number of injections were performed on the control mice, using the oil alone, The animals were 
sacrificed 24 hours after the last injection, 


All the animals were sacrificed by decapitation, always at the same time of day — 11:00 to 12: 00 A.M, 
The uterus was fixed in Zenker's fluid, The upper half of the right horn was made into a series of transverse 
sections, 7 u in width, which were stained with hematoxylin according to Karachchi; in every 10 sections (with 
intervals of 3 sections) we counted the number of mitoses in the epithelium of the mucosal lining by the method 
described earlier [1, 2], The mitotic coefficient (MC) was determined as the number of mitoses per unit area 
of epithelium, The degree of statistical significance of the differences in the mean values was established by 
the method of Fisher-Student, 
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EXPERIMENTAL RESULTS 


As can be seen in Fig, 1, the number of mitoses in the uterine epithelium of the castrated animals 20 days 
after removal of the ovaries and at later stages was small (mitotic coefficient equal to 0,12, 0,11, 0,12 and 0,06 
respectively; the difference between these values is not statistically significant), After 2 injections of estrone 
the mitotic coefficient reaches a considerable level (MC = 0,45; P = 0,04), but after 6 injections it decreases to 
the original level (MC = 0,11; P = 0,01) and remains low to the end of the experiment (10 injections), 


Days after castration 


Number of estrone injections 


Fig. 1. Mitotic coefficient in the uterine 
epithelium of castrated mice and with 
estrone administration, 1) Experiment 
(administration of estrone); 2) control 
(castration), The number of animals is 


shown in parentheses, 


These data almost completely reproduce the curve of 
changes in the mitotic activity of uterine epithelium under the 
influence of repeated estrone injections which was described by 
us in a previous work[3], As has already been stated, cessation 
of the hormone administration after 6 preliminary injections 
caused a marked elevation in the number of cell divisions after 
5 days, 


In the present work this question was subjected to more de- 
tailed study (Table 1), It was shown that an appreciable eleva- 
tion in the number of epithelial mitoses takes place not only on 
the 5th day after cessation of the estrone injections (MC = 0,40; 

P = 0,002), but already on the 3rd day the MC = 0,39; P < 0,0001, 
It was then decided to investigate what influence cessation of the 
estrone injections during the period of its maximal activity, i.e., 
after 2 injections, would have on the mitotic activity of the 
uterine epithelium, 


As would follow from Table 1, in this case a reduction was 
observed in the mitotic activity by a factor of over two on the 
third day following cessation of the injections (MC = 0,21; P = 
= 0,06), but on the 5th day after termination of the hormone in- 
jections the mitotic coefficient again rose twofold (MC = 0,40; 

P = 0,05), 


Thus, termination of estrone administration is reflected by 
diverse changes in the epithelial mitotic activity: in a period of 


intensive cellular multiplication (after 2 injections of estrone) it leads to a reduction in the number of mitoses 
in the tissue, with a subsequent elevation; on the other hand, termination of the hormone injections in the setting 
of a low level of mitotic activity (6 injections of estrone) causes a marked elevation as early as the 3rd day, 
maintaining it up to the 5th day, The latter fact supports results obtained earlier, and is evidence that repeated 
injections of estrone lead to inhibition of the mitotic activity in uterine epithelium. In a previous work [3] it 
was shown that the simultaneous administration of estrone and progesterone to mice, the latter stimulating cell 
division in the absence of estrone, does not diminish this inhibitory effect, Further analysis of this question was 
undertaken in this work, with the purpose of clarifying whether or not the inhibition of cell division is related 

to disruption of nucleic acid synthesis, or to inadequacy in the energy sources, 


TABLE 1 


Mitotic Coefficient in the Uterine Epithelium of Mice after Termination of 
Estrone Administration 


Number of 
injections 


24 hours afte 
the last in- 
jection 


Mitotic coefficient 
after termination of the injections 


on the 5th day 


Note: There were 8 mice in each group, 
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TABLE 2 


The Effect of Folic Acid and ATP on the Mitotic Coefficient in the Uterine 
Epithelium of Mice after 6 Preliminary Injections of Estrone 


Number of | Number of animals 
injections | in the group 


Mitotic 
coefficient 


Conditions of the 
experiment 


Injections of estrone and 
folic acid 

Injections of estrone and 
ATP 

Injections of folic acid 

Injections of ATP 


It is known [8] that the presence of folic acid is necessary 
MC é, for the development of mitoses in the uterine epithelium of rats 
under the influence of estrogens, In this case, the folic acid can- 
not stimulate the proliferative processes by itself [8-11], but it 
takes part in the synthesis of DNA [7, 8]. 


For the purpose of elevating the energy metabolism of the 
cells we chose adenosine triphosphoric acid (ATP), one of the 
most importanthigh energy compounds, According to existent 
data [6] ATP in a dose of 0,2 ml of a 1% solution causes a stimu- 
lation of cell division in the epithelium of the cornea in mice, 

2 hours after a single injection, with a subsequent lowering to 
the normal level within 4-24 hours, 


Because of this, we initially investigated the effect of 
daily repeated injections of 0,2 ml of a 0,03% solution of folic 
acid and 0,2 ml of a 1% solution of ATP on the mitotic activity 
: aa Sie of the uterine epithelium in castrated mice, The animals in 
Fig. 2. Mitotic coefficient in the uterine this group of experiments were sacrificed at 2 and 24 hours after 
eptasliom of castated mice aad with ad- the last injection, As can be seen in Fig, 2, with the admini- 
peEipeReye of folic acid and ATP. bs Ae stration of either of the preparations two hours before sacrifice 
riecnabaee ee of ATP; 2) administration of of the animals an elevation is observed in the mitotic activity, 
folic acid. The number of animals is shown and with administration 24 hours before, a depression, as com- 
in parentheses. pared with the original level, However, these differences are 
Not statistically significant; the differences in the values of the 
mitotic coefficients as dependent upon the times of the last injections is also not statistically significant. Thus, 
in subsequent experiments with repeated injections of folic acid and ATP we normally sacrificed the animals 
24 hours after the last administration, The results of these experiments are presented in Table 2, 


/ 
Number of injections 


As follows from Table 2, neither the administration of folic acid nor of ATP stimulates cell division dur- 
ing the continued injection of estrone (mitotic coefficients equal to 0,08 and 0,05 respectively), If the prepara- 
tion is injected after 6 preliminary injections of estrone without further application of the latter, then a con- 
siderable rise is observed in the mitotic activity (mitotic coefficients equal to 0,51 and 0,42); however, the num- 
ber of cell divisions is not greater than that which is seen following termination of hormone administration (see 
Table 1), Hence, it would follow that this rise is not related to the administration of folic acid or ATP, but 
rather to termination of the estrone injections as in the preceeding experiment, 


Thus, under the conditions of our experiments, not one of the substances studied (folic acid, ATP, and 
according to the data of a previous work, progesterone) was capable of elevating the level of cell division dur- 
ing continued injections of estrone, while termination of its administration caused a marked rise in the mitotic 
activity, It is our impression that we are here dealing with the phenomenon of activity on the part of one of 
the numerous systems with reciprocal relationships that guarantee the process of autoregulation in the living 
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organism, M. M, Zavadovskii [4] concluded that not only does the developing animal organism as a whole act 
as a self-regulatory system, but each of its separate sections as well, One of the basic characteristics of auto- 
regulation involves the fact that the conditions created under the influence of certain factors in turn inhibit the 
further action of these factors, and simultaneously cause and stimulate antagonistic sources, which finally leads 
to stabilization of the process [5], It seems to us that this is the biological significance of the phenomena we 
have described, Concerning the mechanisms lying at the foundation of cell division regulation by ovarian 


hormones, further study is needed, 


SUMMARY 


Estrone administration stimulates mitosis of the uterine epithelium in castrated mice, inhibiting it, how- 
ever, in repated injections, Discontinuance of estrone administration at the time of intensive cell multiplica- 
tion leads to reduction of mitotic activity of the tissue with its subsequent rise; as distinct from this, suspension 
of hormone administration against the background of low mitotic activity provokes its sharp rise already on the 


3rd day, 


Folic acid and adenosintriphosphate exert no stimulating effect on cellular division during oestron therapy. 
Evidently, the inhibitory effect of repeated oestron injections is not connected with the disturbed DNA synthesis 
or with the exhaustion of thehigh energy phosphorus compoundsstored in the cell, 
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MORPHOLOGY AND PATHOMORPHOLOGY 


HISTOPATHOLOGICAL CHANGES IN THE CENTRAL NERVOUS 
SYSTEM IN DOGS AT LATE PERIODS AFTER REPEATED 
WHOLE-BODY IRRADIATION WITH X-RAYS 


A. F. Bibikova 


(Presented by Active Member AMN SSSR N, A, Kraevskii) 

Translated from Byulleten’ Eksperimental 'noi Biologii i Meditsiny, Vol, 51, No, 3, 
pp. 106-110, March, 1961 

Original article submitted May 4, 1960 


The information in the literature concerning the morphological changes in the central nervous system at 
late periods after the action of ionizing radiation is scanty and is concerned mainly with animals surviving acute 
radiation sickness caused by whole-body x-ray irradiation in doses of 500-600 r[2, 3, 5] or local irradiation of 
the brain [4, 6], 


In the present communication we describe the results of a histological study of the brain in ten adult dogs 
aged from four to six years, at late periods after prolonged, whole-body irradiation with x-rays in a daily dose 
of 20 r, 


EXPERIMENTAL METHOD 


Standard conditions of irradiation were used: voltage 180 kv, current 15 ma, filters 0,6 mm Cu+ 1 mm Al, 
focus distance 140 cm, dose rate within the range 2-3 r/min, The first group consisted of three dogs (two of 
which received a total dose of irradiation of 500 r over a period of 25 days, and one received 600 r over a period 
of 30 days), 


The second group consisted of seven dogs irradiated in two cycles separated by an interval of 11-12 months, 
and receiving a total dose of 1100 r, The duration of the first cycle of irradiation was 25 days, and that of the 
second cycle 30 days, The dogs of the first group, which were in a comparatively satisfactory condition (with 
no visible clinical signs of radiation sickness), were sacrificed 2,5 years after the cessation of irradiation, and 
the dogs of the second group, also in the same condition, were sacrificed three years after the end of the first 
cycle of irradiation and two years after the end of the second cycle, 


According to Belousova [1], who made clinical observations on dogs in the course of irradiation (reaching 
total doses of 200 r and more), the animals showed certain signs of radiation sickness (lethargy, loss of appetite; 
in some dogs there were petechial hemorrhages on the skin of the dorsum, the abdomen and the oral mucosa), 
Belousova points out that after the cessation of irradiation the clinical signs disappeared and the dogs were in 
no way distinguishable from healthy animals in their external appearance, 


Our object was to study the reactions of the central nervous system of dogs to prolonged whole-body irradia- 
tion in small doses* by means of histological methods, All the divisions of the brain were accordingly investi- 
gated histologically, 


Sections were made by embedding pieces of the material for investigation in paraffin wax, and also by 
means of the freezing microtome, and were stained with hematoxylin-eosin, cresyl violet by Nissl’s method, 


* Dogs from Belousova's series of experiments, 
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and picrofuchsin by Van Gieson's method; the myelinated nerve fibers were stained by the method of Sokolyanskii 
and Veil’, 


EXPERIMENTAL RESULTS 


The results of histological investigation of the brain revealed pathological changes in the vessels, the nerves 
and the glial elements in all the dogs, The intensity and distribution of the structural disturbances in the tissues 
depended on the total dose of irradiation, For example, although the pattem of histological changes in the struc- 
tures of the brain tissue were of the same character in the dogs of both the first and second groups, these changes 
were more severe and widespread in the dogs irradiated in two cycles and receiving a total dose of 1100 r, 


The characteristic signs of the pathological changes in the brain tissue of all the animals were as follows: 
slight fibrosis of the pia and arachnoid in the dogs of the first group, and more marked fibrosis in the dogs of the 
second group, fibrosis of the stroma of the vascular plexuses, initial stages of proliferation of the collagen fibers 
in the walls of certain vessles, mainly in the brainstem, A moderate perivascular edema was detected, with 
edema in places beneath the ependyma of the ventricles, pyknosis and occasionally vacuolation of the nuclei 
of the endothelium and other cellular structures of the vessel wall, 


Fig, 1. a) Swelling of the nuclei of the nerve cells of the 
cerebral cortex in a dog, Magnification 400x ; b) edema 
and vacuolation of the cytoplasm of the cells of the deeper 
layers of the cortes, Stained with cresyl violet by Nissl's 
method, Immersion x 10, 
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spread, 


cytoplasm, 


Purkinje cells, 


The changes in the nerve cells were characterized by selective involvement of the nuclei of the nerve 
cells of the cerebral cortex, the subcortical grey ganglia and the diencephalon, which were arranged eccentric- 
ally and swollen (Fig, 1), When gross swelling of the nuclei was present, atrophy of the cytoplasm of certain 
cells was observed, Nerve cells with vacuoles in their cytoplasm and with pericellular edema were found in all 
parts of the brain, In the deeper layers of the cerebral cortex vacuolation of the nerve cells was fairly wide- 


The diversity of pathological forms of cell involvement was found in all divisions of the brain: for example, 
side by side with hydropic degeneration of the cells others became shriveled, especially in the second layer of 
the cortex (in the unirradiated dogs the cells of the second layer of the cortex were almost as a rule more darkly 
stained than the other cells, but their structure was clearly defined), Shriveling of certain nerve cells was found 
in the dogs of the second group in the subcortical grey ganglia, in the supraoptic nucleus, less often in the peri- 
ventricular nuclei of the hypothalamus, in the vegetative and afferent nuclei, and also in the recticular forma- 
tion of the brainstem, Attention must be directed to weakness of the staining and the well marked reticulation 
of the intercellular substance, Around the circumference of the nerve cells were seen drainage forms of oligo- 
dendroglia, corresponding to the picture of cerebral edema, In the subcortical grey ganglia, especially in the 
caudate nucleus, in all the animals the cytoplasm of many cells stained very weakly with cresyl violet, The 
nuclei of such cells were slightly swollen, and some of them appeared “bare,” evidently because of lysis of their 


mee ces \ 


Fig, 2, Cerebellum, Shriveling of Purkinje cells and of cer- 
tain nuclei of cells of the stratum granulosum, Stained with 
cresyl violet by Nissl's method, Magnification 400x, 


It must be pointed out that the motor neurons of the brainstem were affected to a lesser degree, The most 
pronounced changes in the effector formations of the brainstem were observed in the cells of the inferior olives 
and in the Purkinje cells of the cerebellum, The predominant picture in the inferior olives was of shriveling of 
the nerve cells and death of these cells over a wide area, So far as the Purkinje cells are concerned, their path- 
ology revealed great polymorphism, which evidently reflected the dynamics of involvement of these cells, The 
initial stages of the changes in the Purkinje cells took the form of hyperchromatosis of the nuclear membrane and 
lysis of the tigroid substance, The cytoplasm of certain cells showed vacuolation, Here and there pericullular 
edema was found, with shriveling of certain cells and karyocytolysis — the presence of cell-shadows (Fig, 2), 
Silver impregnation by Bielschowsky’s method showed changes in the basket-like pericellular apparatus of the 


Pathological changes were also found in the myelinated nerve fibers, In some preparations these were 
weakly and diffusely stained, Here and there scattered areas of demyelination, swelling and vacuolation of the 
nerve fibers (Sokolyanskii's method) were found, A more obvious, and in some preparations an almost diffuse 

demyelination of the white matter of the brain was revealed by staining by Veil's method ( Fig, 3), On the 
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: Fig. 3. Demyelination of the fibers of the anterior limb of 
: the internal capsule, Survey preparation, Stained by Veil's 
method, 
e other hand, in preparations of the brain of unirradiated animals, stained by Veil’s method, we sometimes ob- 
4 served only solitary foci of demyelination in the white subcortical matter, 


The results of the histological study of the brain of dogs at late periods after the termination of prolonged 
irradiation in a daily dose of 20 r show that in dogs the absence of any outwardly obvious clinical disease is tem- 
porary, and is evidently due to the ability of the structures of the brain tissue to compensate for a long time their 
functions, The histological findings, however, reveal the progressive development of pathological changes in the 
pia and arachnoid, the vascular plexuses and the nerve structures, An indication of the progressive development 
of the pathological process in the brain tissue is the presence of different stages of the changes which were found, 
The selective character of the lesion of the neurons is gradually obscured, and other structures are involved in the 
process, A relationship exists between the development of the pathological changes in the brain and the total 
dose of irradiation, For example, well marked and widespread changes took place in the dogs receiving a total 
dose of irradiation amounting to 1100 r (dogs sacrificed two years after the termination of the second cycle of 
irradiation and three years after the termination of the first cycle), It must be pointed out that there is a definite 
similarity between the character of the lesion of the central nervous system in the dogs after prolonged irradia- 
tion with small doses and that in dogs surviving acute radiation sickness after a dose of 600 r[2, 3], The chara- 
cter of the pathological process in the central nervous system bears the features of dystrophic disturbances, due 
not only to a disturbance of the circulation, but also, evidently, to histotoxic factors, 


The histopathology of the brain as described by us in dogs at a period when clinical evidence of radiation 
sickness was absent raises a series of questions concerning the compensatory and adaptive mechanisms brought 
into play in radiation injuries, and also the influence of the changes thus found on the intemal environment of 
the body, These questions are of great importance for an understanding of the role of the central nervous system 
in the pathogenesis of radiation sickness, and they demand special examination, 


SUMMARY 


Dogs were sacrificed at the period when no clinical signs of radiation injury were present, However, histo- 
logical data demonstrated fibrosis to develop in the following areas of the brain at remote periods following total 
replexus of cerebral ventricles and in some vessels of the brainstem; changes of dystrophic character were seen 

in the nerve cells and in the myelinate nerve fibers, There was a certain relationship between the intensity and 
the extent of pathological changes in the brain and the sum total irradiation dose (the changes were more marked 
in dogs receiving the sum total dose of 1100 r), The data obtained lead to a conclusion that the clinical well- 
being of the animals is of a temporary nature, evidently being caused by the ability of brain structures to pro- 
longed functional compensation, 
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MORPHOLOGY OF THE VASCULAR PRESSURE RECEPTORS 
IN DOGS AFTER CLINICAL DEATH 


E. B. Khaisman and T. N. Grozdova 
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Translated from Byulleten’ £ksperimental'noi Biologii i Meditsiny, Vol, 51, No, 3, 
pp. 110-116, March, 1961 

Original article submitted June 11, 1960 


During the restoration of the functions of the cardiovascular system at the time of clinical death by means 
of the centripetal infusion of blood into an artery under pressure, besides the restoration of the coronary circula- 
tion, an important role belongs to the reactions of the pressure receptors developing in response to excitation of 


the vascular reflexogenic zones (4, 7, 8, 12], It has been shown by special investigations [10] that stimulation 

of the angioreceptors by a reflex mechanism increases the vascular tone and creates in the heart a state of “prep- 
aredness” for contraction, Depression of these angioreceptors by injection of novocain into the arterial blood 
stream during clinical death prevents the effective restoration of the activity of the heart by the subsequent in- 
traarterial injection of blood, 


In view of the importance of the vascular reflexogenic zones in the restoration of the functions of the 
cardiovascular system during the treatment of terminal states, it appeared to be of great theoretical and practi- 
cal interest to investigate the structure of the nervous apparatus of these zones in dogs after clinical death, 


EXPERIMENTAL METHOD 


Experiments were carried out on 19 healthy adult dogs of both sexes, In the period of preparation for the 
experiment the animals received a subcutaneous injection of pantopon in a dose of 8 mg/kg body weight, and 
40-50 minutes later the femoral vessels were dissected under local infiltrational anesthesia (20 ml of a 0.5% 
solution of novocain), A state of clinical death was then induced in the animals by allowing blood to flow freely 
from the femoral artery, Restoration of the vital functions of the animal was undertaken five minutes after 
clinical death by means of a comprehensive method: artificial respiration by means of an apparatus to pump 
air into the lungs, and the centripetal intraarterial infusion of blood with adrenalin, Should fibrillation of the 
cardiac muscle develop, condenser discharges were applied by L, N, Gurvich's method to overcome this condition, 


Before bleeding was carried out, the dogs received an intravenous injection of heparin as blood stabilizer. 
During the experiments the arterial pressure and respiration were recorded on the kymograph, Observations on 
the animal's behavior and general condition were made throughout the experiment, At various periods of the 
recovery period (from a few hours to a few weeks) the animals were sacrificed by electrocution, 


The material for neurohistological investigation was: a) the depressor zone of the arch of the aorta (aortis 
sinus); b) the carotid sinus; c) the areas near the orifice of the pulmonary veins and vena cava, 
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Fig, 1, Afferent nerve fibers and receptors from the de- 
pressor zone of the arch of the aorta, Experiment No, 5, 
Impregnation by Campos's method, Magnification 400x, 


The staining methods used in the work were Campos's silver impregnation method for nerve cells and 


Spielmeyer's method for myelin, 


We consider it necessary to preface the account of the results of this investigation with a few details re- 
garding the morphology of the sensory apparatus of the vascular reflexogenic zones in normal physiological 
conditions, We have devoted a special investigation [13] to this problem, conducted on 70 healthy, sexually 
mature animals including 25 dogs, In all the animals studied it was found that in the homonymous reflexogenic 
zones the overwhelming majority of afferent nervous structures, consisting of thick myelinated nerve fibers and 
their endings in the form of compact tufts, show signs of reactive changes and degeneration, Hyperargento- 
philia and spiral convolution of the nerve fibers, foci of demyelination and massive flowing of neuroplasm, ex- 
cessive collateral growth of axis cylinders and destruction of their neurofibrillary framework, “mummification® 
of nerve fibers and disintegration into fragments, hypertrophy or atrophy of the terminal arborizations — all these 
to some degree are characteristic features of this category of vascular pressure receptors, 


Thus in ordinary conditions of existence these sensory nerve formations are distinguished by exceptionally 
wide morphological variability, beginning with the phenomenon of irritation and ending with far advanced stages 
of dystrophy, 


EXPERIMENTAL RESULTS 


In evaluating the severity of the anoxia in the investigation of terminal states consideration must be paid 
not only to the duration of clinical death, but also to the duration of the actual process of dying from blood loss, 
for the fact must not be ignored that the electrical activity of the brain is extinguished much sooner than the 
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Experiments on the Resuscitation of Dogs After Clinical 


| 5 min 40 


onset of agony. In the experiments to be described the duration of the process of dying varied in the animals 
from 8.5 to 20 minutes, and in 13 of the 19 animals it was greater than 12.5 minutes, i.e., it was above the 
mean duration. It must be remembered in this connection that from 30 to 40% of the time of dying was ac- 
counted for by agony. 


Five minutes after the onset of clinical death and in the process of resuscitation the cardiac activity was 
restored in 16 of 19 experiments after 25-50 seconds, and in three animals, as a result of the development of 
fibrillation, considerably later — after 1,25-2 minutes (see table), Spontaneous respiration was restored rela- 
tively early (2-3,5 minutes after the beginning of resuscitation) in only six experiments, In ten experiments 
the periods of restoration of respiration varied from four to six minutes, In three experiments the times were 
later (7-11 minutes), The corneal reflexes appeared at the 10th-20th minute of the recovery period, The rela- 
tively complete restoration of the function of the central nervous system took place within the first 48 hours 
in 11 of the 19 dogs, In three dogs the recovery of the central nervous system was limited to subcortical, in 
two to purely brainstem functions, In the remaining three dogs no recovery of the central nervous system was 
studied, for in accordance with the conditions of the experiment they were sacrificed during the first few hours 
after resuscitation, 


Thus depending on the general severity of the anoxia, on its duration and, evidently, on the individual 
characteristics of the experimental animals, the times of restoration of the vital functions varied within very 
considerable limits, 


Moving on to the morphological character of the vascular pressure receptors, it must be pointed out that 
in all the experimental dogs the results of the neurohistological investigation were similar, We can therefore 
describe all the results together without consideration of individual groups, 


In both the aortic and carotid sinuses and in the region of the orifices of the pulmonary veins and venae 
cavae of the experimental dogs we observed the same signs of reactive changes and destruction of the medul- 
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lated nerve fibers of large caliber and of their receptor apparatuses as characterize these sensory nerve structures 
in healthy (control) animals, We invariably encountered this same phenomenon of increased affinity for silver 
salts, the deformation of nerve fibers, the floods of neuroplasm, foci of demyelination, and the partial or com- 
plete fragmentation of axis cylinders during microscopic examination of preparations from the various pressure 
receptor zones of the experimental dogs, As also in the normal animals, all these phenomena were most con- 
spicuous in the preterminal divisions of the nerve conductors, which in most cases were grossly thickened and 
hypertrophied, 


In the receptor apparatuses we could now observe the phenomena of hyperplasia and homogenization of 
the terminal loops, end-plates and reticula, destruction of the neurofibrillary framework of the receptor with 
disintegration of the termianl components, and so on, with which we were already familiar from the study of 
the normal material (Figs, 1 and 2), We could find no other morphological signs which might have supplemented 
the general picture of the afferent innervation of the vascular reflexogenic zones in normal conditions, nor were 
there any quantitative changes, We were also unable to establish any relationship between the character and 
amplitude of the structural modifications of the vascular pressure receptors on the one hand, and the severity of 
the recovery period and the duration of survival of the animal after resuscitation in each individual case on the 
other hand, 


It may be concluded from the foregoing account that the vascular pressure receptors are either insensitive 
or highly resistant to the action of such extraordinary factors as clinical death and the anoxia which inevitably 
accompanies it, and that they maintain their typical structure, 


The results described, and also the conclusions derived from them, in our view are adequately confirmed 
by the physiological researches of Negovskii and his co-workers [4, 5, 6], These investigations show that in a 
state of clinical death lasting 5-8 minutes in ordinary temperature conditions, or up to one hour in hypothermia, 
the vascular receptors maintain their excitability. It is this fact which makes it possible to restore the cardiac 
activitv and the vascular tone permanently and effectively, 
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Fig, 2, Preterminal and terminal divisions of afferent 
nerve conductors from the carotid sinus (a), the depres- 
sor zone of the arch of the aorta (b) and the region near 
the orifice of the posterior vena cava (c) and the pul- 
monary vein (d), Experiment No, 9, Impregnation by 
Campos's method, Magnification 400x, 


At the same time it must be pointed out that the results of our investigation are in disagreement with re- 
ports in the literature [1, 2 and others], according to which the afferent nervous apparatuses of the vascular re- 
flexogenic zones and, in particular, the receptors of the regions near the orifices of the pulmonary veins and the 
venae cavae are very sensitive to the action of anoxia, and rapidly become involved in the pathological process 
when the body is in oxygen debt, Analysis of the relevant literature, however, shows that this disagreement may 
be explained not by differences in the actual results obtained, but by their interpretation, which in turn may be 
due to different notions of the criteria of “normal and “pathological” conditions for the vascular pressure re- 
ceptors, When assessing their structural changes many neuromorphologists take as their starting point what Plech- 
kova [9] calls their "hypothetical mean norm," In accordance with this*norm," the nerve conductors and recep- 
tors must have no significant signs of irritation, and still less of destruction and degeneration. The appearance 
of such signs is usually regarded as the result of interaction between the body and an extraordinary (pathogenic) 
stimulus, Such an interpretation of the structure of the vascular pressure receptors cannot be regarded as sound, 
for in normal physiological conditions these sensory nervous apparatuses characteristically show different forms 
of reactive and degenerative changes, This is shown not merely by our factual material, but also by the ob- 
servations of other workers [3, 11, 14], The significance of the problem of the criteria of "normal" and “path- 
ological® for the vascular pressure receptors is not confined to the limits of the present investigations, On its 
solution depends not only the correct assessment of anoxia as a factor in the stimulation of the pressure receptors, 
but also the understanding of the role and the place of the various peripheral afferent apparatuses in the reac- 
tions of the body to a variety of adequate and inadequate influences, 
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SUMMARY 


The author studied the morphology of the pressure receptors in the arch of aorta sinus, the orifices of 
the pulomonary veins, venae cavae in 19 dogs at various intervals (from several hours to 1 month) after a 5- 
minute clinical death, Silver impregnation of the nerve elements according to Campos and myelin staining 
after Spielmeier was used in this work, Neurohistological examination yielded the following results, The signs 
of reactive condition and destruction in the large myelinated nerve fibers and their receptor apparatus noted in 
the experimental animals in the mentioned vascular reflexogenic zones were the same as in the healthy (con- 
trol) animals, There were no other morphological signs (or changes) in addition to the general picture of af- 
ferent innervation of the vascular reflexogenic zones under normal conditions, The data obtained lead to the 
conclusion that vascular pressure receptors are either insensitive or very resistant (preserving their structure) to the 
action of such extreme factors as clinical death and concomitant hypoxia, 
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EARLY MORPHOLOGICAL CHANGES IN THE CONNECTIVE TISSUE 


OF RATS AROUND AN IMPLANTED CELLOPHANE DISK 


L. V. Ol*shevskaya 
mn 1 Laboratory of Carcinogenic Substances (Head — Corr, Member AMN SSSR Prof, 
4 L. M, Shabad), Institute of Experimental and Clinical Oncology (Dir, — Active 
L Member AMN SSSR Prof, N, N, Blokhin), Moscow 
(Presented by Active Member AMN SSSR N, N, Blokhin) 


Translated from Byulleten' Eksperimental 'noi Biologii i Meditsiny, Vol, 51, No, 3, 
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In recent years information has appeared in the literature concerning the development of malignant tumors 
around plastic disks implanted in the connective tissue of animals [2, 6-10], The development of tumors is de- 
pendent on the shape and size of the implanted disk [4, 8], 


There is hardly any information in the literature on the morphological changes in the connective tissue 
preceding the development of sarcoma after implantation of plastics, The only paper on this subject is that of 
Oppenheimer and collaborators [8], who in the course of the first six months after implantation failed to find 
any characteristic morphological changes which could be regarded as the initial manifestations of the process 
of carcinogenesis, According to Oppenheimer and co-workers, at this period a dense collagen capsule is formed 
around the disk, in which only a few fibrocytes are present, 


The object of our investigation was to make a detailed study of the morphological and of certain histo- 
chemical reactions of the connective tissue around an intact plastic disk and one which had been cut up into 
small pieces, 


EXPERIMENTAL METHOD 


Sterilized cellophane was implanted beneath the skin of 100 rats, weighing 30 and 100 g, either in the 
form of a disk measuring 1x 3 cm or as pieces cut up with scissors and measuring less than 0,1 cm, The rats 
were sacrificed 1, 2, 3 and 4 weeks and 2, 3, 4, 5, 6 and 7 months after implantation of the cellophane, 


In order to study the reactions of the connective tissue we used the ordinary stains (hematoxylin and eosin, 
Van Gieson, Gomori) and histochemical methods for detection of polysaccharides (periodic acid-Schiff reaction, 
staining with toluidine blue at different pH values, alcyan blue) and also Hale's method with colloidal iron in 
combination with treatment with enzymes (hyaluronidase, collagenase), For the detection of RNA we used the 
method of staining with methyl green-pyronine with ribonculease, 


EXPERIMENTAL RESULTS 


The whole early period of development of connective tissue reactions (until seven months) around the 
cellophane disks may be conventionally divided into three phases: the development of an inflammatory reaction, 
the formation of a collagen capsule and the further changes in this capsule, 


One week after implantation an extensive inflammatory cell infiltration can be seen around the disk, con- 
sisting of leukocytes, lymphocytes and young fibroblasts, Two weeks after implantation collagen fibers appear 
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at a short distance from the disk, Next to the disk at this stage is a layer rich in young fibroblasts, in which 

no collagen fibers are to be seen, Subsequently there is a gradual increase in the number of newly formed col- 
lagen fibers, At the end of the first month a loose collagen capsule is formed around the disk, between the fine 
collagen fibers of which are areas of focal round-cell infiltration and proliferation of fibroblasts, During the 
second month the individual collagen fibers unite to form bundles, and the round-cell infiltration in the collagen 
capsule appreciably diminishes, The inner layer of the capsule, in contact with the disk, is rich in young fibro- 
blasts, In this layer binuclear and muitinuclear cells may also be observed, 


In the 3rd-4th month there is usually a connective tissue capsule around the disk in which three layers can be 
distinguished (Fig, 1), The outer layer, furthest from the disk, i,e,, the pericapsular layer consists of loosely 
arranged collagen fibers and numerous small blood vessels, The middle layer, or true capsule, consists of dense 
collagen bundles, between which are dilated capillaries and areas of focal proliferation of fibroblasts, The third 
layer, in direct contact with the disk, consists of fibroblasts orientated along the disk, and of young fibroblasts 
with a round nucleus (Fig, 2), Among the latter may be seen cells with larger nuclei than the young fibroblasts 
and with a well defined nucleolus, The cytoplasm and nucleolus of the young fibroblasts given an intensive 
reaction for RNA, Staining by Gomori's method shows a network of small loops of argyrophilic fibers in this layer, 
The presence of young fibroblasts and argyrophilic fibers indicates that collagen formation is taking place in this 
layer, 


Fig, 1, Connective tissue capsule around a cellophane disk 4 months 
after subcutaneous implantation, Three layers are distinguished in 
the capsule: pericapsular, true capsule, and inner proliferating layer, 
Stained with hematoxylin-eosin, Magnification 270x , 


The morphological changes in the connective tissue in the experiments with the small pieces of cello- 
phane in their early stages follow the same course as those described above around the intact cellophane disks, 
The inflammatory reaction around the small pieces of cellophane, however, follows a slower course, and the 
encapsulation of these particles takes place 1-2 weeks later than the encapsulation of the complete disk, The 
connective tissue capsule formed around the cellophane particles is thinner than that around the intact disks, 
and the proliferation of fibroblasts in the inner zone of this capsule is uniform and more conspicuous, 


For detection of glycoproteins we used the periodic acid-Schiff reaction, At early periods (1-4 months) 
the PAS-positive component can be seen in the collagen fibers, and diffusely stains the gound substance between 
the collagen fibers of the true capsule and in the inner proliferating layer, At later periods (5-7 months) when 
a dense collagen capsule has been formed, the PAS-positive component is seen in the collagen fibers predomin- 
antely, The diffuse staining between the fibers disappears, but that in the inner proliferating layer remains, 


In sections treated with hyaluronidase the PAS-positive component is unchanged, but after treatment with 
collagenase it disappears, 
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Investigation of the distribution of acid mucopolysaccharides, giving a metachromatic staining with tolui- 
dine blue, showed that in the first two months after the experiment weak metachromasia is observed in the granu- 
lation tissue surrounding the disk, This metachromasia is diffuse in character and is unevenly distributed in the 
middle layer of the capsule, 


In the experiment with cellophane particles metachromasia was usually observed in the inner layers of the 
collagen capsule, immediately around the disk, No change in the intensity of the metachromasia in the course 
of six months could be observed in the experiments with either the cellophane particles or the intact disk, Meta- 
chromasia was found throughout the whole period of study, 


When the sections were treated with testicular hyaluronidase, which acts on hyaluronic and chondroitin 
sulfuric acids, the metachromatic staining disappeared, Metachromatic staining could be detected by the use 
of toluidine blue solutions with pH values not less than 4, These findings are in agreement with the hypothesis 
that hyaluronic acid is present in the tissue, for chondroitin sulfuric acid gives a metachromatic staining at pH 
values below 4, 


In order to detect acid mucopolysaccharides we also used Hale's method with colloidal iron and staining 
with alcyan blue, These reactions gave a diffuse staining which coincided with the distribution of the PAS-posi- 
tive component, and intensively stained thin fibrils were discovered, the distribution of which coincided with 

the areas of metachromasia, 


Fig. 2, Proliferation of cells of the inner proliterating layer, Stained 
with hematoxylin-eosin, Magnification 500x, 


The results of our investigations thus showed that after cessation of the inflammatory reaction around the 
disk in the connective tissue the constant proliferation of cells remains, This cell proliferation takes place in 
the collagen capsule itself and in its inner border, adjacent to the disk, The cells of this inner zone are rich 
in cytoplasmic and nuclear RNA, indicating their functional activity, We cannot therefore agree with the state- 
ment of Oppenheimer, who considers that, starting after three months, the connective tissue capsule around the 
disk is in a “resting state," and that all active processes in it become quiescent, If the whole process were so, 

it would be difficult to understand why and from whence tumors would arise after a long period of quiescence, 


It is evident that, in spite of the chemical inertia of the cellophane disk, it constantly influences the 
tissues, as shown morphologically by the constant proliferation of the cells and by the growth of a collagen 
capsule, Metachromatically staining acid mucopolysaccharides are known to appear [3] in the tissues in the 
early stages of collagen formation, The constant metachromasia in the collagen capsule around the disk is 
therefore evidence that the process of collagen formation is taking place all the time in the capsule, In re- 
cently published work by Oppenheimer and co-workers [5] an increase in the velocity of incorporation of e 
in the polysaccharides of the collagen capsule around polystyrene was noted, by comparison with the polysac- 
charides of normal connective tissue, 
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These results of biochemical investigations are in good agreement with the morphological and histochemi- 
cal findings described above, demonstrating that the connective tissue capsule around polymerized plastics is not 
a “resting,” inactive tissue, Such a capsule constantly contains cells which are proliferating and forming colla- 
gen, Focal collections of young fibroblasts during prolonged collagen formation were described by Vasil'ev [1] 

in experiments with pellets containing carcinogenic hydrocarbons, In respect of the experiments with cellophane 
disks it may therefore be postulated that the growth and activity of the connective tissue cells when the condi- 
tions of their existence are severely modified (the presence of a dense collagen capsule) are among the factors 
playing a role in the development of tumors, Further research is needed to give the conclusive solution of this 


problem, 


SUMMARY 


Cellophane films (1 x 3 cm in size) and small pieces of cellophane were implanted subcutaneously to rats, 
These animals were sacrificed at different intervals ranging from 7 days to 7 months, Connective tissue changes 
occurring around the films after the implantation were studied with the aid of various morphological and histo- 
chemical methods, In 3-4 months 3 zones could be distinguished in the capsule around the films: 1) pericapsular 
layer, 2) capsula proper, and 3) internal layer containing proliferating cells, 


Chromotrophic acid mucopolysaccharides were present in the collagenous capsule up to the end of 7 months; 
the presence of such mucopolysaccharides may be regarded as an indication of an incomplete process of collagen 
formation, Foci of cellular proliferation were present in the “capsula proper” and in the internal proliferative 
layer, The author briefly discusses the role of prolonged collagen formation and of the focal cell proliferation 
in the mechanism of plastic cancerogenesis, 
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During local injury to the skin with ionizing radiation it has been shown [1-3, 6, 8] that certain substances 
(or measures) possessing the general property of stimulating the proliferation of the epithelium of the skin have 
a beneficial effect, From the practical point of view one such substance which merits attention is naphthalan 
oil extract (NOE), which has been found to have a beneficial effect after local y -irradiation, exposure to x-rays 
and 6 -irradiation [8, 9], 


In order to complete the picture of the efficacy of the proliferation of the epithelial cells of the skin ob- 
tained by means of NOE, we tested the effect of this substance during irradiation with a -particles, especially 
in view of the fact that their action from an external source is limited to the epidermis, 


EXPERIMENTAL METHOD 


Tests were carried out on 21 rabbits, The source of external irradiation with «-particles was applicators 
containing fission products of thoron — thorium B, thorium C, thorium C* and thoriumC*, Besides a -particles 
these radioactive products emit a small number of 8-particles and y-rays, About 90% of the radiation energy 
absorbed by the tissues, however, is attributable to a -particles, the biological effects of which are predominant 

(6, 10}. The applicator, measuring 5x 5cm, was applied repeatedly to the shaved skin of the dorsal region of 

a rabbit for 20 hours, The applicators used had an initial content of a-emitting isotopes (thorium C + thorium C‘) 
of 0,06-6 uc/cnr surface area, 


At different periods after the beginning of the experiment skin was excised from the experimental and sym- 
metrically opposite control areas of the body, Sections were stained with hematoxylin-eosin, by Van Gieson's 
method, with Heidenhain's iron hematoxylin, and impregnated by Campos's method, 


In the first variant of the experiments a few drops of NOE were applied once or occasionally twice (on 
two successive days) to the shaved area of skin immediately after irradiation or after six or 12 days, 


EXPERIMENTAL RESULTS 


Painting the healthy skin of rabbits with NOE causes capillary hyperemia, edema and inflammatory in- 
filtration of the dermis next day, and on succeeding days an intensification of proliferation of the cells of the 
stratum germinativum of the epidermis and of the follicular epithelium, with thickening of the cutaneous epi- 
thelium to 200 u or more, with hyperkeratosis, granulosis and acanthosis, An increase is found in the staining 
properties of the keratinous material, and cysts are formed from the proliferating epithelium of the follicles, 
These phenomena gradually subside in the course of six weeks, 
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After irradiation with an applicator with an initial content of thorium C + thorium C'* of 4-6 pc/cm’, the 
histological changes in the intact skin of the dorsum of the rabbit were mainly confined to the epidermis on 
account of the low penetrating power of the a-particles— about 35 y into the tissues [4, 5], These changes 
consisted of dystrophy and necrobiosis of the cells, expecially the basal cells, with the accumulation of pigment, 
pyknosis and gigantism and their nuclei, and of a considerable thinning of the epidermis, These phenomena, 
which began on the 2nd-3rd day after irradiation, reached their maximum usually in the middle of the second 
week, soon after which the structure of the epidermis gradually became restored over a period of 1-1,5 months, 


If the skin was painted with NOE immediately after irradiation with the applicator as mentioned above, 
next day it was possible to observe severe and massive dystrophy of the cells of the epidermis, with the almost 
continuous involvement of the basal cells, in which were observed enlargement, vacuolation and, sometimes, 
pyknosis of the nuclei, and swelling and the eccentric position of the nucleolus, The dermis showed a well 
marked inflammatory infiltration, On the second, third and fourth day after irradiation and painting with NOE 
we found progressive dystrophy and necrobiosis of the elements of the stratum germinativum of the epidermis, 
with an abundance of giant, pyknotic and mainly mononuclear cells in this layer, with deformed, horizontally 
arranged nuclei, In some sections a serous fluid appeared among the degenerating cells, collecting in the form 
of an intra-epidermal vesicle (Fig, 1), Starting with the fourth day mitotic activity reappeared in the basal 
layer of the epidermis, The dying, deformed, pyknotic cells were displaced to the skin surface by small epi- 
thelial cells with a palisade arrangement of their nuclei, proliferating in the basal layer, On the following days 
marked thickening of the epidermis, characteristic of the action of NOE, was observed, together with the rapid 
desquamation of the dead, irradiated epidermal cells, At the end of the second week and later, the epidermis 
closely resembled in thickness the epidermis of the unirradiated areas of skin, untreated with NOZ, and showed 
no signs of dystrophy (Fig. 2). 


Fig, 1. The skin of a rabbit 48 hours after painting with naph- 
thalan oil extract, Skin preliminarily irradiated with a -parti- 
cles, Marked dystrophy of the cells of the stratum germinativum 
of the epidermis, Formation of vesicles, Stained with hema- 
toxylin-eosin, Magnification; ocular 15x , objective 40x, 


Similar changes were found when the skin was painted with NOE immediately after irradiation with ap- 
plicators of lower activity (initial content of a -emitting isotopes 0,3 and 0,06 yc /cm*), In these cases, in 


contrast to the action of applicators of higher activity, the dystrophy of the epidermis although developing 
equally early did not, however, affect all the cells of the basal layer, During the action of radiation from these 
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Fig. 2, The skin of a rabbit two weeks Fig. 3, The skin of arabbit onthe second day 


after irradiation with a -particles and after irradiation with o -particles and paint- 
subsequent painting with naphthalan ing with naphthalan oil extract immediately 
oil extract, Thickening of the epider- before irradiation, Dystrophy in the stratum 
mis without signs of dystrophy, Stained germinativum of the epidermis, Stained with 
with hematoxylin-eosin, Magnifica- hematoxylin-ecsin, Magnification: ocular 


tion: ocular 10x , objective 40x, 15x, objective 40x, 


applicators, the radiation changes were also observed to be more rapidly overcome, with restoration of the nor- 
mal structure of the epidermis, which took place at the beginning of the second week when the content of thor- 
ium C and thorium C* on the applicator was 0,3 uc/em’, and on the 7th-8th day of the experiment was 0,06 

2 
uc/cm’, 


When painting with NOE was carried out six days after a -irradiation, proliferation of the epidermis took 
place against a background of moderate dystrophic changes in the epidermis, taking the form of swelling and 
vacuolation of the cells in the basal layer, the presence of individual giant, pyknotic cells, and also the forma- 
tion of pigment along the nuclei and cell borders, On the day after painting with NOE there was a sharp in- 
crease in the number of damaged cells in the epidermis, and mitoses were absent, On the 2nd-3rd day, besides 
the large numbers of dying polymorphic and giant cells, many normal mitoses were present in the cells of the 
basal layer, and on subsequent days proliferation of epidermal cells took place, causing the quicker desquama- 
tion of the disintegrating epithelial elements, The same effect was produced by painting with NOE on the 12th 
day after irradiation: a rapid and marked increase in the number of degenerating cells and an equally rapid pro- 
liferation of normal cells in the stratum germanitivum, leading to desquamation of the disintegrating cells of 
the epidermis, 


Painting the skin of a rabbit with NOE after local irradiation with a -particles thus led to an acceleration 
and apparent intensification of the radiation reaction in the epidermis, with the subsequent rapid repair of the 
changes, 


When the skin in which proliferation of the epidermis was already developing (in the first week after paint- 
ing with NOE the thickness of the epidermis was 100-150 yw) was irradiated once with a -particles, correspond- 
ing to the low penetrating power of the a-particles a practically complete protective action of the proliferation 
of the cutaneous epithelium was found, and was unaccompanied by changes in its stratum germinativum, Only 
in the prickle cells not deeper than 40-60 y from the skin surface, and especially when the highest-activity 
applicators were used, were signs of dystrophy present in the form of individual large cells with deformed, pykno- 
tic nuclei, Dystrophy, limited to only part of the prickle cells, was found on the 3rd-4th day after irradiation, 
i,e,, much sooner than in the epithelium irradiated in a state of quiescence, thereby indicating the more rapid 
appearance of radiation changes in the epidermis when preliminarily treated with NOE, In the second week of 
the experiment hardly any degenerating prickle cells were found, and their desquamation was accelerated in the 
process of the more intensive renewal of the structure of the epidermis caused by the stimulus to its proliferation, 


Consequently, after a single exposure to a -particles of skin in which proliferation of the epidermis has 
previously been induced by NOE, radiation injury is practically prevented, It is evident that the « -particles 
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are unable to reach the cells of the basal layer through the barrier of the thickened upper layers of the epithelium 
of the skin, 


In the experiment with a -irradiation (applicator with an initial content of a-emitting isotopes of 6 uc/cm’) 
immediately after painting the skin with NOE, i,e,, before the thickening of the epidermis to protect the basal 
cells from radiation, the changes taking place in the epithelium were the same as those when the skin was painted 
immediately after irradiation, On the second day of this prophylactic variant of the experiment, widespread dy- 
strophy took place in the basal layer of the epidermis, with swelling and vacuolation of the cells, and with en- 
largement, translucency and, later, pyknosis of their nuclei, and so on (Fig. 3), The further course of the process 
consisted of the speeding up of regeneration of the epidermis, which was fully restored during the second week 
after irradiation, 


When a -irradiation was carried out 12 hours after painting the skin, i,e,, when only insignificant thicken- 
ing of the epidermis was present, the rate of development of the radiation injury and of regeneration of the epi- 
dermis was increased, to coincide in time with what happened in the case of irradiation immediately after paint- 
ing the skin, 


In the case of &-irradiation of the skin 36 hours after painting with NOE, when the thickness of the epi- 
dermis was about 60 y, on the day after irradiation the epidermis was thickened as before, with numerous mitoses 
in the stratum germinativum and with isolated, larger degnerating cells scattered among the normal cells of the 
basal layer, On the second day after irradiation the number of such cells increased as the result of their appear- 
ance among the prickle cells of the continually thickening but otherwise little changed epidermis, On the fol- 
lowing days of the first week,groups of large, pyknotic cells, becoming more and more displaced towards the 
skin surface, were observed mainly among the prickle cells; intensive mitotic activity continued in the basal 
layer, leading to the progressive thickening of the epidermis, Beginning in the second week of the experiment, 
no signs of dystrophy could now be seen in the thickened epidermis, their absence proving that the rate of repair 
of the radiation changes was increased under the influence of NOE, 


The changes in the epithelium when a single dose of a -irradiation was given to the skin of a rabbit 2,5 
days after painting, i,e., when the thickness of the epidermis was 100-120 yp, corresponded completely to the 
changes from o -irradiation one week after painting with NOE; the thickening of the epidermis taking place dur- 
ing 2,5 days almost completely protected the radiosensitive stratum germinativum from the action of the a - 
particles, 


SUMMARY 


In connection with the favorable effect exerted on radiation injuries by substances capable of stimulating 
proliferation, including the naphtalane-oil extract (NOE) it was deemed interesting to study the action of the 
latter in radiation injuries of the skin provoked by & -rays, 


As shown experimentally, an acceleration of radiation reaction of epidermis and of its recovery occurred, 
consequent upon application of NOE to the rabbit's skin directly after its local irradiation with a -rays of tho- 
rium fission, Rabbit skin irradiated in 2,5 days and later after NOE application gave practically no radiation 
reaction, a -irradiation directly or within the first 2 days after NOE application to the skin provoked an accel- 
erated radiation reaction and recovery, 
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Agrobiology 

Obstetrics and Gynecology 

Antibiotics 

Pharmaceutical Transactions 

Archives of Antomy, Histology, and 
Embryology 

Archives of Biological Science USSR 

Archives of Pathology 

Biophysics 

Biochemistry 

Biochemistry of Fruits and Vegetables 

Journal of Botany 

Bulletin of Experimental Biology and 
Medicine 

Bulletin of the Moscow Naturalists Society, 
Division of Biology 

Proceedings of the Academy of Sciences USSR 

Experimental Surgery 

Pharmacology and Toxicology 

Pharmacy 

Plant Physiology 

LM, Sechenov Physiology Journal USSR 


Hygiene and Sanitation 

Bulletin of the Academy of Sciences USSR, 

Biology Series 

Bulletin of the Pacific Ocean Scientific 
Institute of Fisheries and Oceanography 

Surgery 

Clinical Medicine 

Laboratory Work (on Medical Problems) 

Medical Parasitology and Parasitic Diseases 

Medical Radiology 

Ukrainian Medical Journal 

Microbiology 

Microbiology Journal 

Neuropathology, Psychiatry and Psychohygiene 

Orthopedics, Traumatology and Prosthetics 

Parasitology Collection 

Pediatrics 

Soil Science 

Nature 

Problems of Endocrinology and Hormone 
Therapy 

Problems of Hematology and Blood Trans- 
fusion 

Problems of Tuberculosis 

Soviet Medicine 

Soviet Physicians Journal 

Stomatology 
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(continued) 


Abbreviation 


Terap. Arkh. 

Trudy Gelmint, Lab. 
Trudy Inst, Genet, 
Trudy Inst, Gidrobiol. 
Trudy Inst. Mikrobiol, 
Trudy Inst. Okean, 


Trudy Leningrad Obshchestva Estestvoisp. 
Trudy Vsesoyuz. Gidrobiol. Obshchestva 
Trudy Vsesoyuz. Inst. Eksptl. Med. 


Ukrain. Biokhim, Zhur, 
Urologiya 

Uspekhi Biokhimiya 

Uspekhi Sovremennot Biol. 
Vestnik Akad. Med, Nauk SSSR 


Vestnik Khirurg. im, Grekova 
Vestnik Leningrad, Univ. Ser. Biol. 


Vestnik Moskoy, Univ., Ser. Biol. 1 
Pochvov. 

Vestnik Oftalmol, 

Vestnik Oto-rino- laringol. 

Vestnik Rentgenol. { Radiol. 

Vestnik Venerol, { Dermatol. 

Veterinariya 

Vinodelie i Vinogradarstvo 

Voprosy Klin. 

Voprosy Med. Khim. 

Voprosy Med. Virusol. 

Voprosy Neirokhirurg. 

Voprosy Onkol, 

Voprosy Pitaniya 

Voprosy Psikhologii 

Voprosy V irusologti 

Vrachebnoe Delo 

Zav. Lab. 

Zhur. Mikrobiol., Epidemiol. 1 
Immunobiol. 

Zhur. Nevropatol, i Psikhiat. 


Zhur. Obshchei Biol. 
Zhur. Vysshei Nerv, Deyatel, 


Zool. Zhur. 


Journal 


Terapevticheskii Arkhiv 

Trudy Gelmintologicheskoi Laboratoriya 

Trudy Instituta Genetiki 

Trudy Instituta Gidrobiologiya 

Trudy Instituta Mikrobiologiya 

Trudy Instituta Okeanologiya, Akademii Nauk 
SSSR 

Trudy Leningrad Obshchestva Estestvoispytatelei 


Trudy Vsesoyuznogo Gidrobiologicheskogo 
Obshchestva 

Trudy Vsesoyuznogo Instituta Eksperimentalnoi 
Meditsiny 

Ukrainskii Biokhimichnii Zhurnal 

Urologiya 

Uspekhi Biokhimiya 

Uspekhi Sovremennoi Biologiya 

Vestnik Akademii Meditsinskikh Nauk SSSR 


Vestnik Khirurgii imeni Grekova 

Vestnik Leningradskogo Universiteta, Seriya 
Biologii 

Vestnik Moskovskogo Universitera, Seriya 
Biologii i Pochvovedeniya 

Vestnik Oftalmologii 

Vestnik Oto-rino-laringologiya 

Vestnik Rentgenologii i Radiologti 

Vestnik Venerologii i Dermatologii 

Veterinariya 

Vinode lie i Vinogradarstvo SSSR 

Voprosy Klinicheskie 

Voprosy Meditsinskoi Khimii 

Voprosy Meditsinskoi Virusologii 

Voprosy Neirokhirugii 

Voprosy Onkologii 

Voprosy Pitaniya 

Voprosy Psikhologii 

Voprosy Virusologii 

Vrachebnoe Delo 

Zavodskaya Laboratoriya 

Zhurnal Mikrobiologii, Epidemiologii i 
Immunobiologii 

Zhurnal Nevropatologii i Psikhiatrif imeni 
S. S. Korsakov 

Zhurnal Obshchei Biologiya 

Zhurnal Vysshei Nervnoi Deyatelnosti imeni 
L P. Pavlova 

Zoologicheskii Zhurnal 


Translation 


Therapeutic Archives 

Transactions of the Helminthology Laboratory 

Transactions of the Institute of Genetics 

Transactions of the Institute of Hydrobiology 

Transactions of the Institute of Microbiology 

Transactions of the Institute of Oceanology, 
Academy of Sciences, USSR 

Transactions of the Leningrad Society of 
Naturalists 

Trafsactions of the All-Union Hydrobiological 
Society 

Transactions of the All-Union Institute of 
Experimental Medicine 

Ukrainian Biochemical Journal 

Urology 

Progress in Biochemistry 

Progress in Contemporary Biology 

Bulletin of the Academy of Medical Science 
USSR 

Grekov Bulletin of Surgery 

Journal of the Leningrad Univ., Biology Series 


Bulletin of the Moscow University, Biology and 
Soil Science Series 

Bulletin of Ophthalmology 

Bulletin of Otorhinolaryngology 

Bulletin of Roentgenology and Radiology 

Bulletin of Venereology and Dermatology 

Veterinary Science 

Wine-Making and Viticulture 

Clinical Problems 

Problems of Medical Chemistry 

Problems of Medical Virology 

Problems of Neurosurgery 

Problems of Oncology 

Problems of Nutrition 

Problems of Psychology 

Problems of Virology 

Medical Profession 

Factory Laboratory 

Journal of Microbiology, Epidemiology, and 
Immunobiology 

S. S. Korsakov Journal of Neuropathology and 
Psychiatry 

Journal of General Biology 

L P. Pavlov Journal of Higher Nervous 
Activity 

Journal of Zoology 
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ABBREVIATIONS MOST FREQUENTLY ENCOUNTERED 
IN RUSSIAN BIO-SCIENCES LITERATURE 


Abbreviation 
(Transliterated) 


AMN_ SSSR 
AN SSSR 
BIN 

FTI 
GONTI 
GOST 
GRRRI 
GTTI 
GU 
IKhN 
IL (IIL) 
IONKh 
IP 

ISN (Izd. Sov. Nauk) 
Izd. 
LEM 
LENDVI 
LEO 
LIKhT 
LIPZ 
LIPK 
Medgiz 
MOPISh 
MVI 
MZdrav 
MZI 
LOKhO 
NIIZ 
NINKhI 
NIU 
NIUIF 
NIVI 
ONTI 
OTI 
RBO 
ROP 
SANIIRI 
SANIISh 
TsNII 
TsNTL 
VASKhNIL 
VIG 
VIEM 
VIR 
VIUAA 
VIZR 
VNIRO 
ZIN 


Significance 


Academy of Medical Sciences, USSR 

Academy of Sciences, USSR 

Biological Institute, Botanical Institute 

Institute of Physiotherapy 

State United Sci-Tech Press 

All Union State Standard 

State Roentgenology, Radiology, and Cancer Institute 
State Technical and Theoretical Literature Press 

State University 

Scientific Research Institute of Surgical Neuropathology 
F oreign Literature Press 

Inst. Gen, and Inorganic Chemistry (N. S. Kurnakov) 

Soil Science Inst. (Acad, Sci. USSR) 

Soviet Science Press 

Press 

Laboratory for experimental morphogenesis 

Leningrad Inst. of Dermatology and Venereology 
Laboratory of Experimental Zoology 

Leningrad Surgical Institute for Tuberculosis and Bone and Joint Diseases 
Leningrad Inst. for Study of Occupational Diseases 
Leningrad Blood Transfusion Institute 

State Medical Literature Press 

Moscow Society of Apiculture and Sericulture 

Moscow Veterinary Institute 

Ministry of Health 

Moscow Zootechnical Institute 

Leningrad Society of Orthopedic Surgeons 

Scientific Research Institute of Zoology 

Scientific Research Institute of Neurosurgery 

Scientific Institute for F ertilizers 

Scientific Research Institute of Fertilizers and Insecticides 
Veterinary Scientific Research Institute 

United Sci. Tech, Press 

Division of Technical Information 

Russian Botanical Society 

Russian Society of Pathologists 

Central Asia Scientific Research Institute of Irrigation 
Central Asia Scientific Research Institute of Sericulture 
All-Union Central Scientific Research Institute 

Central Scientific and Technical Laboratory 

All-Union Academy of Agricultural Sciences 

All-Union Institute of Helminthology 

All-Union Institute of Experimental Medicine 

All-Union Institute of Plant Cultivation 

All-Union Institute of Fertilizers, Soil Science, and Agricultural Engineering 
All-Union Institute of Medical and Pharmaceutical Herbs 
All-Union Scientific Institute of Fishing and Oceanography 
Zoological Inst. (Acad, Sci. USSR) 


Notes; Abbreviations not on this list and not explained in the translation have been transliterated, no further 
information about their significance being available to us, ~ Publisher, 
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The first volume in 


International Behavioral Sciences 


by B. V. Andreev, M.D. 


Pavlov Institute of Physiology, 
Academy of Sciences of the USSR. 


under the editorship of Joseph Wortis, M.D. 


This continuing series of translated monographs will include important works which 


TRANSLATED FROM RUSSIAN 


by Basil Haigh, 
M.A., M.B., B. Chir. 


are not normally available to the Western psychiatrist, psychologist, or social scientist. 
It will make it possible for the English-speaking professional to keep abreast of the latest 
trends and advances in the behavioral sciences in the Soviet Union, Asia, Latin America, 


and Europe. 


In SLEEP THERAPY IN THE 
NEUROSES, the author presents 
the results of clinical and experi- 
mental research performed since 
1946 at the Pavlov Clinic for 
Nervous Diseases. (Pavlov's con- 
cept of protective inhibition was 
based on his conviction that sleep 
often permits restitution of func- 
tion when the Central Nervous 
System has been exhausted by 
stress.) In an attempt to produce 
sleep without toxic manifestations, 
the Soviet researchers used hypno- 
sis, suggestion, and certain phys- 
ical hypnogenic stimuli, which 
helped keep the dosage of sedative 
drugs to a minimum. Actography 
was employed to measure the dura- 
tion of therapeutic sleep, making 
it possible to record the transi- 
tion from waking to sleep and vice 
versa, and to evaluate the efficacy 
of various measures in prolonging 
sleep. In a proportion of patients 
the higher nervous activity was 
investigated by experimental meth- 
ods, which served as a valuable 
supplement to the clinical observa- 
tions. 


CONTENTS 
Introduction 
Modern Views on Neuroses 
Protective Inhibition 
A Brief Outline of the History of the 
Method of Sleep Therapy 
The Indications for Sleep Therapy in 
Neuroses 
The Investigation of Sleep by the Method 
of Actography 
Sleep Therapy in the Neuroses 
Composition of the Patients 
Method of Treatment 
Preparation for Treatment 
Forms of Therapeutic Sleep 
Program for the Day 
The Environment and Its Importance 
Physical Hypnogenic Factors 
The Use of Hypnotic Drugs 
The Use of Inert Substances (Hypnotic 
Substitutes) as Conditioned Reflex 
Stimuli 
The Use of Hypnosis and Suggestion 
The Daily Duration of Sleep and Its 
Characteristics 
The Length of the Course of Treatment 
The Changeover from Sleep Therapy 
to the Ordinary Routine 
Subsequent Period of Treatment 
The Results of Treatment 
Follow-up 
Conclusion 
Supplement: Technical Details for the 
Proper Organization of Sleep Therapy 
Literature Cited 


114 pages $8.50 
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INTRAARTERIAL 
INFUSION OF 
PROCAINE 


IN THERAPEUTIC 


PRACTICE 


by N. K. Gorbadei 


Translated from Russian 


This English translation of Dr. Gorbadei’s book includes 
as an appendix a report by I. I. Velikanov on treatment of hyper- 
tensive patients with intraarterial procaine infusions. Dr. Veli- 
kanov’s report was first published in the Bulletin of the Academy 
of Sciences of the Kazak SSR. 


Cases of peptic ulcer dating back to the siege of Leningrad 
responded to a series of infusions of procaine into the arteries, 
so that the patients were able to resume their normal activities, 
according to the author, Dr. N. K. Gorbadei who has reported on 
177 cases of peptic ulcer treated at the Leningrad Sanitary- 
Hygiene Medical Institute. 


CONTENTS 
Introduction 


Intravascular Infusion of Procaine in Therapeutic Practice (a survey of 
the literature) (A Short Account of the Properties of Procaine; 
Intravenous Procaine Infusions; Intraarterial Procaine Infusions.) 


The Mechanism of Action of Procaine 
The Technique of Intraarterial Infusion of Procaine 


The Treatment of Peptic Ulcerations by Intraarterial Procaine Infusions 
| Clinical Features of the Patients Under Investigation; Influence on 
Subjective Symptoms; Roentgenological Findings During Treatment; 
Acid-secreting Function of the Stomach During Treatment; Changes 
in the Blood Picture; Changes in the Zones of Cutaneous Sensation; 
State of the Cardiovascular System (Electrocardiography and 
Plethysmography) During Treatment. | 


The Treatment of Patients Suffering from Bronchial Asthma by In- 
traarterial Procaine and Penicillin 


The Treatment of Coronary insufficiency by Intraarterial Procaine 
Infusions 


Intraarterial Procaine Infusions in the Treatment of Infectious Poly- 
arthritis 


Indications for and Contraindications to the Use of Intraarterial Pro- 
caine Infusioris in the Clinical Treatment of Internal Diseases 


Conclusion 
Bibliography 
Soviet Literature 
Non-Soviet Literature 
Supplement 


The Treatment of Patients with Hypertension by Intraarteriai infusion 
of Procaine Solution. |. |. Velikanov 


135 pages $7.50 
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